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How No matter whether newspaper headlines feature priorities, 
“PRP”, or the Controlled Materials Plan, the need for conser: 
vation never lessens. The war must be fought and won. That 


Technical Service means critical materials by the carload. 


Perhaps you know that every pound of alloy must give maxi- 


helps you conserve mum service if our far-flung fighting forces are to be supplied 


ee : and maintained. Nickel, particularly, is needed to give wartime 
critical materials steels greater strength, toughness and resistance to impact. 
Inco’s technical staff is organized to serve users of metals 
and alloys—to help manufacturers find and adapt alternative 
materials without sacrificing desirable and essential charac- 
teristics in the finished product. 


So if you have a problem involving the use 


of alloys—Nickel or otherwise—please write or NI CKE 
wire for data or counsel from our technical staff. 
THE INTERNATIONAL NICKEL COMPANY, INC. zt. tosc 
: | I ( T, HVU. New york, N.Y 





GN THIS ISSUE 


Visualizing in Three 
Dimensions 


Efforts to keep tooling costs within 
»tain limits led Fleetwings. Inc.. to 
m to find a simple, quick and inex- 
pensive way to give the tool depart- 
ment an idea of what had to be built 
» that estimates of costs and dies 
necessary could be made prior to 
elase of complete airplane draw- 
ig. Graphic illustrations, or visu- 
is were the result. Now practically 
wery department in the company uses 
them. 

Visuals are not meant to take the 
lace of engineering drawings. Rather. 
they supplement them by giving a 
deat, quick picture of an assembly 
leribed in detail drawings. The 
ses which Fleetwings has found for 
visuals, and how they were developed. 
is described in the article beginning 
on page 131. 


Fatigue Stress Concentration 
Factors 


More on stress concentration factors 
in this issue takes into account the 
efect of fatigue. Several additional 
ases are considered with particular 
emphasis upon their practical use in 
lsign. As in last month's article, the 
uthor, George H. Neugebauer, De- 
artment of Machine Design, Cooper 
Union, has examined and evaluated 
‘he results of numerous investigators 
vith respect to dependability in ap- 
lication to design of structural mem- 
ers, His article is on pages 168 to 


119 


Plastics for Electrical 
Applications 


| wide variety of plastics are avail- 
ule for use where electrical insula- 
‘on is required. Which particular 
me to use will depend largely on the 
"mperature and humidity conditions 
that the part will encounter in service 
ind the dielectric strength that will 
æ required. On page 165 begins the 
ticle “An Aid to Selecting Plastics 
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for Electrical Applications,” wherein 
we have tabulated the electrical prop- 
erties of the various types of plastics 
and analyzed the kinds of service for 
which each is suitable. 


necessity for larger tolerances than 
generally used for machined dimen- 
sions. Harold Carlson of the Lee 
Spring Company offers a solution to 
the problem by presenting easily read 
tolerances in tabular form. See pages 
156 and 157. 


Tube Spinning Methods 
Announced 
Fine Wire Magnet Coils 


A new process by which tube ends 
can be formed to almost any desired 
shape with or without being closed, 
is offering new simplification in de- 
sign, elimination of production proc- 
esses and saving of time. Walter P. 
Hill, inventor of the process, was one 
of 10 men given awards by President 
Roosevelt in recognition of note- 
worthy contributions to the war effort. 
His contribution was this process ap- 
plied to the manufacture of primer 
tubes used in the firing mechanism of 
large shells. Several typical rede- 
signed parts are suggested by the 
article on page 153. 


For coil designers who are contin- 
ually on the watch for information 
concerning properties of insulation 
materials that can be used in the 
construction of fine wire magnet coils, 
the article, beginning on page 158, is 
a “must.” In it B. W. Erikson, Indus- 
trial Control Engineering Depart- 
ment of the General Electric Com- 
pany, enumerates the causes of corro- 
sion failures with particular empha- 
sis on the ravaging effects of mois- 
ture. Many remedies are described to 
eliminate this trouble, Some test data 
are also included. 










Commercial Tolerances for 


Plywood Design Kinks 
Springs 


For engineers trained to design 
structural members and machine parts 
of various metals and ferrous alloys. 
the use of plywood seems to have 
many mysteries. Its extensive appli- 
cation in aircraft at present has stim- 
ulated the formulation of certain rule: 









Spring manufacturers are having 
difficulties because of the tendency of 
individual manufacturers to vary from 
commercial tolerances previously 
agreed upon and the lack of appreci- 
ation on the part of designers of the 






















WHAT'S COMING 






Highly Stressed Studs 


The article on highly stressed studs, scheduled for this number of P.E.. got 
tangled with censorships. We are glad to report that the tangles have been 
ironed out without detracting from the technical value of the article. It wiil 
be published soon. 





















Shrink Fits 


Shrink fits date all the way back to the days when carriage makers of old 
shrank a steel rim on the wooden wheel. Steel rims shrunk on the driving 
wheels of locomotives were a natural development. But the high temperatures 
required limited the application of the process. Now, however, the develop- 
ment of freezing equipment to shrink the male members has opened a vast new 
field of possibilities for the use of this type of assembly. General opinion is that 
shrink fitting is primarily for the purpose of obtaining a semi-permanent 
assembly. However, the process is also used to position sleeves before welding. 
to assure complete metal-to-metal surface contact, to avoid any possibility of 
pounding between the two parts and, finally, to prestress the assembled unit 
to give it greater strength. Tolerances used, stresses developed and other 
design data will be included in a comprehensive article to be published on 
this subject. 


























A New Surface Treatment 


Under the tradename of Kolene there has been developed a new surface 
treatment which according to tests by users produces a highly superior bond 
between babbitt and cast iron or babbitt and steel without the use of an 
appreciable amount of tin. The coating made by this process has the further 
advantage of being highly corrosion resistant. Equipment required, the opera- 
tion of the process and a complete analysis of the results obtained will be 
included in an article on this subject. 































to be followed in joining wood " 
bers. The article starting op Das 
149 shows some of the principal nj. 
which can be applied to any king 
plywood structure where high str, 


and light weight are to be combine 


Forgings to Castings 


When cast iron can be used inse 
of forged steel in crankshafts 91, , 
in diameter and 10 to 15 feet long. 
is done on such shafts for Compre 
sors built by Cooper-Bessemer, i 
evident that high strength cast jp, 
has arrived. Nearly the whole ling 
York refrigeration compressors a 
now being equipped with cast i, 
shafts. See the article on page | 
which explains how it was done, 


Liquid Adhesive Applicators 
II 


The ten ways of applying vis; 
liquid adhesives in automatic m. 
chines that were illustrated last mon} 
were not enough to cover the fel 
so a similar number of such mecha 
isms are presented again in this isu 
There are, of course, many oi 
mechanisms in use but it is believes 
that with this pages [: 
and 175, most of the general clas« 
of applicators have been shown. ! 
will suggest similar designs for oth: 
specialized uses. 


group on 
























Are-Welding Reduces Weight 


By telling how Nordberg Manuia 
turing Company capitalized on te 
increasing use of arc-welded constr 
tion of parts of large diesel engines 
Assistant Chief Engineer Robert Cr 
mer, Jr. won a prize in the rece 
$200.000 Industrial Progress Awari 
program of the James F. Lincoln 4 
Welding Foundation. Weight red 
tion and better appearance are amu: 
the advantages. The improvement! 
described in the article on pages 
to 178 were made without any chang 
in the basic structure of the engitt 


















Section Properties At All 
Angles 


Formulas for determining momen 
of inertia, section modulus and radit: 
of gyration for a rectangular secti? 
at any angle are given in recogni! 
handbooks. Since these require cot 
siderable pencil work and time ! 
figure out, the two nomograms 0! 
pages 189 and 190 were construct! 
to shorten the job considerably. No 
even a slide rule is necessary to i 
the right size and shape of sect 
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ITH ever quickening tempo the friendly hum 
of the spinning wheel has echoed down the 
cnturies—symbol of a mighty industry. 

Its hum is heard today above the din of war. 
Capt. Rickenbacker heard it as the lives of his 
party depended upon a thickness of rubberized fabric. 
The hard-pressed soldier on a far-off Pacific isle 
hears it when he sees fresh supplies and ammunition 
descending from the sky via friendly parachute. 
Adolf Schickelgruber hears it when winter joins 
forces with the enemies of his ill-clad armies and 
hastens the day of his defeat. 











Yes, man is dependent upon textiles from the cradle 
to the grave 





in peace and in war. 





In peace man demands comfort and beauty. In war 
he must have comfort and 





protection. The textile in- 





dustry is coming up to these 
expectations. 






It is developing hundreds 





of special fabrics for special 







purposes. It has created 
clothing for wear, miles 





high in the stratosphere, 





md fathoms deep under 
the sea, clothing to meet 
the daytime heat of the 
desert and the bitter cold 
fits nights, clothing for 
the tropics and the Arctic, 
the swamps and mountains 
-for every climate and 
‘very condition. 













Modern scientific warfare has forced the development 
of textiles that were not even thought of a year or 
two ago: camouflage nets; strong, light, wind-resistant 
Mlon tentings for the Arctic; heavy Nylon rope for 
slider towing; parachutes and parachute shrouds; self- 
aling gas tanks; panzer hangars; cartridge and powder 
ag cloths; helmet linings; 
ops; windshield fabrics and seat upholstery for jeeps, 
tucks and other motorized equipment; uniforms for 
i armed services and for nurses, WAACS, WAVES, 
YARS and MCWRS. Then there are windbreakers, 
‘amcoats, ski-troop uniforms and other items two nu- 


merous to mention. The Star Spangled Banner itself is 
1 textile. 









gas masks; fuses; canvas 






























































The Quartermaster Corps alone has issued specifica- 





Textiles—in War as in Peace 


World’s oldest industry performs modern miracles 








This is the ninth of a series of editor- 
ials appearing monthly in all McGraw- 
Hill publications, reaching more than 
one and one-half million readers, and 
in daily newspapers in New York, Chi- 


cago and Washington, D. C. They are 
dedicated to the purpose of telling the 
part that each industry is playing in the 
war effort and of informing the public 
on the magnificent war-production ac- 
com plisbments of America's industries. 





tions for over 300 different fabrics! Add to this the 
requirements of the Navy, the Air Forces, the various 
Civilian Defenses, the Red Cross and Lend-Lease and 
the sum total of textiles required for military and allied 
uses is approximately 704; of the total produced before 
the war to meet civilian requirements! 

How the textile industry has been able to meet this 
unprecedented war demand, superimposed upon the 
industrial and essential civilian needs, is an inspiring 
story. 

First, it stepped up its production to an all-time 
high. Textile World's index of textile-mill activity 
1940, 1941 and 
1942, the period covering the defense program and 
the first year of the war. This index for 1942 stood 

at twice that of an assumed 


records three successive records for 


"normal" year. It is note- 
worthy that this was accom- 
plished mainly with exist- 
ing equipment. 

the textile in- 
dustry did a job of plant- 


Second, 


conversion which was a 
masterpiece of intra-indus- 
trv cooperation and idea 
sharing. 

Third, its technicians de- 
veloped new and superior 
fabrics and finishes. Its en- 
gineers and production men 
increased the speed and the 
efficiency of the entire pro- 
duction machine. 

How well all this was done becomes evident when 
we consider the obstacles to be overcome. Imports of 
critical fibres have been cut off. There is a shortage 
of certain chemicals and dyes. There is a high rate of 
turn-over in manpower and a shortage in experienced 
labor. It is increasingly difficult to secure machines and 
repair-parts — just to mention a few of the major 
problems. 

But the textile industry delivered. It has built up 
an adequate reserve for our rapidly expanding armed 
services. It is helping to supply the armies of our 
allies. It is providing for our civilian population . . . all 
without giving the war leaders a single moment of 
serious worry. 


Major General Edmund B. Gregory, Quartermaster 


General of the United States, in special statements 
prepared for Textile World, and in addresses before 
textile groups, has stated that the cooperation of the 
textile industry has been outstanding and that the 
industry has kept ahead of schedule on all the major 
types of fabrics required. 

General Gregory recently pointed out that of the 
approximately 2 34,000,000 yards of combed twill pro- 
duced in this country in 1942, the Army took about 
87%, the Navy 10%, leaving 3% for non-military 
purposes. 

Col. Robert T. Stevens, of the Quartermaster Corps, 
in a recent address, referred to the output of duck. 
Production of that vital military fabric was twice 
doubled in six months, between January and July 1942, 
he said, and an annual capacity of 600,000,000 yards 
of all types of duck was made available. “The current 
rate of production of cotton duck is five times normal,” 
said Col. Stevens, “and 38°% comes from converted 
carpet, plush and upholstery mills. Based upon known 
requirements, production in this field is fully adequate" 

"Fully adequate" is high praise when it refers to 
duck production. At the outbreak of the war it looked 
as if there was no possible chance of meeting require 
ments, at least during the first year. Nor would there 
have been if other types of mills had not shifted 
to making this fabric, and if experienced duck manu- 
facturers had not gone "all-out" in teaching the new- 
comers, potential post-war competitors, everything 
thev knew about the manufacture of duck. American 
i such examples of unselfish 


industry offers 


cooperation. 

Another outstanding accomplishment, made neces- 
sary by the interruption of burlap imports, was the 
conversion of looms producing peacetime fabrics to 
the production of bag fabrics. The tremendous demand 
for sandbags, camouflage cloth, food, agricultural and 
other bagging, caused a conversion order to be issued 
for the purpose of raising the annual production rate 


of osnaburg from 263,500,000 yards to 660,000,000 
yards, and bag sheeting from a rate of 488,000,000 
vards to $55,000,000 yards. The result of this order, 
and of the military schedules alre: idy in effect, was to 
put the cotton weaving industry about 8595 into war, 
essential industrial, and essential civilian. production. 
Plant conversion went on with feverish speed. Carpet 
looms were swung to blankets and duck; the lace 
industry turned to mosquito netting and insect netting 
of which it produced millions of yards. The flat- — 
industry with its tricot machines also is engaged ii 
the manufacture of mosquito netting. The ndi 
thread industry was converted to the production of 
combed varns. What once was the silk industry is now 
doing a tremendous amount of war work. Those mills 
which had equipped themselves for throwing Nylon 
yarns for hosiery are now throwing the Nylon for para 
That of the silk industry that was 


many 


chutes. section 


equipped for weaving rayon fabrics is producing fabrics 
of high-tenacitv ravon for flare chutes, cargo chutes and 
Many silk and ravon looms that for- 


delivery c hutes. 








merly wove clothing materials are now weaving para. 
chute fabrics. 

Today practically all Nylon is used for militan 
purposes and the bulk of high-tenacity rayon zoes int; 
military fabrics. 

Above and beyond all the new developments is the 
gigantic job of producing millions of yards of standard 
fabrics of many colors and weaves. To produce all the 
uniform fabrics and blankets is in itself quite a job 
The woolen and worsted industry has been doing jt 
magnificently. ‘Tent fabrics and summer fabrics pro 
duced by the cotton industry are no less a formidable 
assignment. I could point to myriad other jobs no le 
impressive. 

The production man can indeed take pride in thi 
record and behind the production man, the textil 
technician has been working tirelessly. Mildewproofing 
and waterproofing, so vital in a world at war, are in 
a new stage of effectiveness. A new process for water 
proofing fabrics employs vinyl acetal plastic in place 
of precious rubber. Textiles that glow in the dark have 
been perfected for black-outs and other application: 
American genius is solving problems many of whid 
seemed insurmountable. Silk, for example, was some 
thing the Japanese thought we could never duplicate 
A new synthetic textile filament that weighs but one 
eighth of the finest silk filament threatens to put the 
Japanese silkworm out of business after the war s 
far as we are concerned. The post-war possibilities of 
this development challenge the imagination. 

Nor has the primary textile industry been alone in 
its contribution tō the war. The textile machinen 
industry has been converted almost entirely to wa 
work, save for a few facilities required to reliev 
extreme bottlenecks and supply essential maintenance 
and repair-parts. 

Similarly, some textile mills, particularly hosiery milk 
hard hit by the silk and Nylon cut-off, are utilizing 
their space and skilled staffs to produce parts for wat 
equipment. 

The immediate significance of all this is its impor 
tance in the winning of the war. There is, however, ? 
post-war implication which is important to the futur 
of America. A mass production textile industry wil 
serve civilians after the war more effectively than e 
before, and will put new standards within the read 
of millions. A long step has been taken toward thi 
completely synthetic textile industry which some ob 
servers see in the future. The tempo of such change 
has been accelerated tremendously. ‘The oldest industr 


in the world, now one of America’s largest, is showing 


a youth and vigor that promise much for the future.. 
nationally and internationally. 





President, McGraw-Hill Publishing Company, Inc 
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PRODUCT ENGINEERING 


GEORGE F. NORDENHOLT, Editor 


Professional Status After the War 


WHAT WILL BE THE STATUS of engineering as a profes- 
don and what will be its opportunities in the post-war 
prid? These questions have created a great deal of 
seculation. Possible answers are indicated by the rec- 
od of engineering in the preparation for and the con- 
lit of the war and the public recognition thereof. A 


brief review and analysis of this record reveals some 
fundamental reasons why engineers are inherently fitted 
ior the type of leadership that will be required after 
the war. 


When in 1940 it became obvious that the U.S.A. would 
son be forced to fight, the government sorely needed 
uns, tanks, shells, ships and other fighting equipment. 
before manufacturing could be started, designs and 
'orking drawings had to be produced. Engineers in in- 
ustries and universities were assigned to help the 
Ordnance Department, Signal Corps, Air Forces and 
ther branches of the services to develop new fighting 
equipment and improve existing models. Manufacturers 
ceived from the services layouts and specifications 
id the engineering departments of industry made the 
wessary working drawings. At every step in the vast 
wogram of converting from peacetime activities to war 
production, engineers were called up to advise, suggest, 
make decisions, and bring forth results. 


The leading role played by engineers in the war 
"t has not been confined to the design and manu- 
adure of the material needed. When the job of build- 
za huge fighting force began, the Army turned to 
“gineering students and engineering graduates for their 
st officer-candidate material. The Army’s preference 
“t engineers is not only because this is a war of ma- 





chinery but also arises from the fact that the mental 
training given to technical students is peculiarly suited 
to military needs. Annapolis and West Point graduates 
are as well grounded in engineering as are the gradu- 


ates of technical universities. Mathematics, physics and 
chemistry, the fundamental subjects in every engineer- 
ing curriculum, are exact sciences. Two plus two always 
equals four; action and reaction are always equal; 
energy can neither be created nor destroyed. These and 
a host of other axioms and their applications are thor- 


oughly drilled into the minds of the students. The recog- 


nition of the unyielding inflexible truths of the laws of 
nature makes realists of the students. Only realists can 
contend successfully with the many problems involved 
in this war which is so vastly different from any previous 


one because of its magnitude, the scientific character 


of the fighting equipment and the vast distances 
involved. 


Thus it is that the engineering profession is now in 
the forefront as it never has been before. The public 
fully recognizes its importance. Engineers have become 
indispensable not only in the conduct of the war but 
also in the every day problems of civil government. 


Will the engineering profession maintain its outstand- 
ing position after this war is over? There are many 
reasons why it should. Problems of the post-war period 
will have their roots ever deeper in science and tech- 
nology. The significance of this in relation to the respon- 
sibilities of engineers is obvious. Whether or not the 
profession will measure up to its post-war opportunities 
depends entirely on the attitudes and activities of its 
individual members. 











WILSON WINS OUT: 

WPB. which essentially is supposed 
to equip the armed services to fight, 
has a combat record almost equal to 
that of the services—and covering 
about as many fronts. 

Trouble is, WPB’s fighting hasn't 
killed any Germans, but has only suc- 
ceeded in baffling the public at large. 
Its latest scuffle resulted in a com- 
plete victory for Production Boss 
Charles E. Wilson. when program 
vice-chairman Ferdinand Eberstadt 
was ousted by Chairman Donald Nel- 
son in an attempt to end finally the 
intra-agency warfare. Admittedly, this 
is a sorry substitute for a second front. 

Wilson won out in a comparatively 
short time and over a formidable op- 
ponent, for Eberstadt swept all before 
him when he transferred to WPB 
from the Army-Navy Munitions 
Board. 

The fight was brewing late last year 
when WPB regained the control over 
production Chairman Donald M. Nel- 
son had assigned to the military al- 
most a year ago. With those powers 
back in the hands of Wilson, who had 
been brought to Washington specifi- 
cally to handle the scheduling job, the 
old conflict was replaced by a new 
one, that of which WPB faction was 
to have control, scheduling or alloca- 
tion. 

Eberstadt came to prominence 
when the problem was to limit the 
various programs, both facilities and 
war output, to the amount of material 
available. This job Eberstadt did with 
dispatch, also instituting the Con- 
trolled Materials Plan which will see 
to it that no more priorities checks 
are written than can be cashed at the 
materials bank. That much had been 
done, however, by the Production Re- 
quirements Plan. CMP’s other facet 
aims at correction of an evil of non- 
feasance which wrecked PRP—the 


failure to balance production, to as- 
sure a motor for every airframe, a 
track for every tank, reduction gears 
for every ship—and on time. 

CMP, of course. hasn't really been 
tested yet. It doesn't go into effect for- 
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mally until July 1, although many 
companies will govern their material 
supplies under it during the second 
quarter, when a test-run will be in 
progress. But the plan is there, and 
unless it proves an utter failure, it 
probably will stay, for materials allo- 
cation is not a field which can be gov- 
erned by a new plan every few days. 

With these two needs provided for, 
Eberstadt’s main job is done. True, he 
must make CMP function effectively 
and keep tight control over the avail- 
ability of materials, particularly steel, 
copper and aluminum, the three con- 
trolled materials. But any progress 
from that point must come from the 
best possible utilization of the mate- 
rials which are to be had, and this is a 
scheduling job rather than an alloca- 
tions job. The functions are widely at 
variance, and Wilson’s is the job now 
on the firing line. 

The “fight” aspect enters the pic- 
ture from several angles, the most re- 
cent of which is the transfer from Eb- 
erstadt’s domain to Wilson of the 
WPB General Industrial Equipment, 
Shipbuilding, Automotive, Machine 
Tools, Safety and Technical Equip- 
ment, Aluminum and Magnesium and 
Facilities branches. Loss of these im- 
portant organizations was regarded as 
a severe blow to Eberstadt’s competi- 
tive prestige if not actually to his 
sphere of influence, They went to 
Wilson only after considerable soul- 
searching on the part of Boss Nelson, 
who regarded the switch as necessary 
to permit Wilson to do the best pos- 
sible job, particularly in boosting pro- 
duction of critical components, cur- 
rently the principal arms bottleneck. 
Eberstadt’s demise leaves Wilson in 
control of all WPB functions as ex- 
ecutive vice-chairman. Originally the 
row had been settled to leave Wilson 
in charge of branches dealing with 
end products and Eberstadt in charge 
of branches handling materials. The 
Aluminum and Magnesium Branch. 
not concerned with an end product. 
went to Wilson because he is the final 
aircraft boss, and 80 percent of the 
aluminum production 


nation’s goes 








into aircraft. The Facilities Brand 
went to Wilson inasmuch as any ney 
production facilities would come m. 
der its supervision, and Wilson i 
charged with increasing lagging com. 
ponent production. 

The situation was provoked by a 
Wilson edict that all orders for criti. 
cal components to be delivered dur. 
ing the first half of 1943 were to be on 
the books early in February, and thos 
for second-half delivery placed by 
March 1. Eberstadt protested the 
move on the basis that it broke upa 
smoothly-running organization, that it 
conflicted with certain of his instruc- 
tions under CMP and that it placed 
too great a burden on industry. 

Another fight angle, which may o 
may not have had anything to do with 
the situation in question but which 
must inevitably underlie all Wilson- 
Eberstadt differences, is the Army: 
civilian angle. Wilson is strictly a 
civilian, formerly president of one o 
the nation's greatest manufacturer: 
Eberstadt is a banker who came to 
WPB from the chairmanship of the 
Army-Navy Munitions Board. One o! 
the continuing feuds of wartime 
Washington is that over control oi 
war production, Wilson has been re 
garded as a champion of civilian cor 
trol, Eberstadt of control by the serv 
ices. 


POSTWAR DESIGNS NOW? 


The National Automobile Dealer 
Association listened at length recent! 
to a detailed explanation of the Nu 
gent “pay-for-it-now-get-it-later” plan 
Then, by formal vote, it announced i 
opposition to the latest anti-inflation 
device to come out of Washington. 

By this blunt action. the car dealer 
probably called a halt to an ide 
which might have had broad reper 
cussions among design engineers, fi 
without their support, the plan. a 
least as proposed, probably has sma 
chance of adoption. 

The Nugent plan, so called because 
is was advanced officially as a mea 
ure to be government-sponsored 1! 
Rolf Nugent. a special adviser at th 
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Office of Price Administration, would 
put the government in the business of 
selling securities now which would be 
cashed in after the war for such con- 
sumer goods as automobiles, electric 
ranges, heating systems. pianos, re- 
frigerators and what have you. The 
securities would appreciate in value 
from $] to $1.10 if applied to postwar 
purchases. or would be redeemable at 
the regular sale price at any time. 

They would be issued for specific pur- 
chases and would entitled the holder 
toa priority on the first postwar mer- 
chandise. Order among holders would 
be determined by date of purchase, 
and there would be no free market fo: 
any item covered by the plan until all 
securities had been exchanged for the 
item called for. Prices quoted now 
would be only approximate. 

Mechanics of the scheme call for 
the government to establish a Post- 
War Delivery Corporation as subsidi- 
ary of the Federal Reserve System to 
supervise the plan. Sales would be 
made by established dealers. Books 
would be kept by finance companies. 
Utilities would collect the payments 
through their own existant collection 
facilities. The Treasury would pay 
modest commissions to each partici- 
pating agency. The appreciation on 
each certificate would be split 30-70 
between the manufacturer and dealer. 

So much for the plan itself, which 
thus far has stirred up as much dis- 
tate as did the Ruml plan for pay- 
as-you-go income tax collections when 
it was brought out late last summer. 
Much of the opposition to the Nugent 
plan comes from Treasury Secretary 
Henry Morgenthau, chief opponent of 
the Ruml plan, incidentally. Thus 
far, at least, it seems to be based on 
Morgenthau’s principal complaint 
against the Rum] plan—the fact that 
some one else thought of it first. 

But, as witnessed by the auto deal- 
er? verdict. the plan has stirred up 
opposition in other than official quar- 
ters, Business men question the Nu- 
gent plan specifically because they 
think that, being government-spon- 
sored and operated, it would extend 
wartime controls into peacetime oper- 
ations in the form of price stabiliza- 
tion and material allocation. If some 
uch plan or plans were to be es- 
tablished independent of government 
administration, one of the principal 
objections to it would be removed. 
Actually, a plan which is basically 
‘milar, but privately operated, is 
fourishing today in Hartford, Con- 
necticut, where the Hartford Electric 
Light Company is operating its de- 
‘erred delivery purchase plan for re- 
ngerators, ranges and hot water heat- 
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Here are the arch enemies of 
the North African desert, the German 
88-mm. antiaircraft-anti-tank gun, left, 
and the U. S. M-7 mobile howitzer. 
(Propuct ENGINEERING, Jan., page 
3). nicknamed “The Priest” by the 
British who used it first to dislodge 
Rommel at E] Alamein. then to chase 
him across the continent. 
tures of the German gun 


Poor fea- 
include a 
three-piece barrel, of a type made in 
U. S. in 1910-1912: light metal 
shield. vulnerable to 50-cal. machine 
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Official Phetegreph U. S Army 
gun fire; traverse limited by length 
of various control cables. Also, the 
gun can be turned in a complete cir- 
cle only twice, then must "unwind." 
The picture was taken during compar- 
ative tests at Aberdeen Proving 
Ground, Maryland, which showed the 
comparable U.S. gun, a 90-mm. 
weapon, superior in range, rapidity 
of fire, striking power and maneuver- 
ability. Our gun has a single tube 
barrel. which the Germans cannot use, 
and it has no limitations on turning. 








German “Voikswagen,” right, is 
superior to the U. S. “jeep” only in 
the impressiveness of its name. ac- 
cording to results of tests made at the 
Aberdeen Proving Ground, Maryland. 


Official Photograph U. 8. Army 
The *Volkswagen," or people's car, 
makes 30 m.p.h., the jeep 50 m.p.h. 
It has a two-wheel drive, the jeep two 
or four-wheel drive. In rough coun- 
try. the “Volkswagen” isn’t as good. 





ers. The company sells War Bonds 
which carry post-war delivery priori- 
ties. 

All this, of course, is of bread and 
butter interest to the men who will 
have to design the products which are 


to be exchanged for whatever de- 
ferred delivery certificates which may 
be sold. If the early post-war days of 
the last war are any criterion, the 
United States citizen, when this hard 
war is over, will be longing for an 
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early return to “normalcy.” If he has 
laid by sizeable chunks of war income 
for post war aids to better living. par- 
ticularly automobiles, “normalcy” will 
include speedy redemption of the de- 
ferred delivery certificates. And if 
the promised merchandise is to be at 
all readily available, it will have to be 
designed, approved and ready to go 
soon after the war ends. This will 
present no great problem in the mat- 
ter of coffee percolators, but will be 
something else again in the automo- 
tive field. 

Some may argue that designs for 
post war consumer goods are com- 
pleted now. lying in manufacturers 
vaults awaiting only the reconversion 
to peacetime operating conditions. In- 
deed, some manufacturers have been 
advertising as much for months. 

There is some reason to believe, 
however, that designs completed too 
far ahead of the delivery date will be 
at a competitive disadvantage with 
products engineered on the basis of 
later information and techniques. A 
designer, for instance, who a year ago 
closed the forms on a commodity con- 
taining any great amount of plastics 
could find his product out of date to- 
day, so great has been the develop- 
ment of plastics in the last year. 
Sometime, of course, designs of post- 
war products will have to be com- 
pleted, regardless of what lies in the 
future. But it will take some cagey 
guessing as to how much longer the 
war will last. how quickly reconver- 
sion can be effected and in what di- 
rection public taste will venture be- 
fore any specifications for a postwar 
product can safely be completed and 
put away to await peacetime use. 

One interesting angle to the whole 
idea is that of manpower—designer 
manpower. The Presidential directive 
under which Labor Czar Paul McNutt 
operates specifically provides that no 
employer may retain the services of a 
man who is more valuable elsewhere. 
Suppose a company feels that it can 
spare from its war work the services 
of one or two design engineers to do 
the spadework in revamping its peace- 
time line. Suppose another company, 
for any of a dozen reasons, needs a 
designer or two—for war work. Under 
the terms of the manpower directive, 
the answer is obvious. Incidentally, 
thus far there is no legal provision 
binding an employer who loses a man 
under such circumstances to re-em- 
ploy him after the war. 

At this writing, prospects of the 
Nugent plan becoming an established 
policy do not look good. The idea, 
however, has sufficient attraction to 
spring up locally as it has done in 
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Hartford. No less a personage than 
shipbuilder Henry Kaiser has es- 
poused the principle enthusiastically. 


CM PROGRESS: 


Ferdinand Eberstadt’s Controlled 
Materials Plan marched along 
smoothly on schedule and, somewhat 
simplified, met its most important 
deadline thus far Feb. 1 when WPB's 
Requirements divided 17.000,000 tons 
of steel. 600,000 tons of copper and 
600.000.000 pounds of aluminum 
among 14 claimant agencies. 

Biggest noticeable change in the 
plan was in the number of shares. 
Starting with seven, CMP doubled its 
claimant agencies in three months to 
include the WPB Facilities Bureau, 
National Housing Administration, 
Petroleum Administrator for War. 
Office of Food Administrator, Office of 
Defense Transportation, Office of Rub- 
ber Director and Office of Power Di- 
rector. 

As might be expected from the 
foregoing list, the “must programs,” 
rubber, high-octane gas and escort 
vessels, got fullest consideration, 
while less essential programs were cut 
to the bone. As it was, carbon steel 
requests exceeded supply by 17 per- 
cent, alloy steel was 15 percent high. 
copper 16 percent oversubscribed and 
aluminum 14 percent high. Alloca- 
tions were made for the second quar- 
ter of 1943 rather than monthly. 


DIE-CASTING ADOPTED: 


WPB has instituted a system for 
certification of die-casters assigned to 
produce high quality zinc and alumi- 
num castings for ammunition com- 
ponents. The plan will be operated 
by the Conservation and Substitution 
Branch of the Conservation Division. 
Any die-casting company may request 
certification of the Conservation Divi- 
sion. The plan will require rigid in- 
spection of castings to insure perfect 
components. Spectrographic and X- 
ray inspections will be made of the 
zinc castings. Aluminum castings will 
be tested by means of the X-ray 
process. 


MATERIALS: 


Tungsten contact points have been 
released from allocation control un- 
der an order allocating tungsten rod, 
whence points are made. 


Plastics molding machinery is un- 
der allocation control. No such ma- 
chinery may be delivered or accepted 
except on specific authorization of 
WPB, nor may it be manufactured or 
assembled except to fill specifically- 
approved orders. 











Tin consumption allowed by Wpp 
for 1943 has been chopped 12,000 t; 
15,000 tons, leaving this year's sup- 
ply at half that of 1941. Principal 
savings are to come from a 10 percent 
reduction in the amount of tin allow. 
able in solder. 


Lead supply this year will be some. 
what below that available in 1942, hy 
it will cover presently-known requiye. 
ments and leave a margin for stock. 
piling. Less essential uses may suffer 
if much more substitution of lead for 
more critical metals is engaged in. 


Alloy steel. may no longer be used 
in angledozers, bulldozers or repair 
parts for either, 


Valves such as gate, globe, angle, 
cross and check types take a 50 per. 
cent slash in allowable types in Or. 
der L-252. Cross valves are com. 
pletely eliminated, as well as brass or 
iron check valves. 


Allowable sizes and types of port. 
able jaw crushers and roll crushers 
have been slashed drastically under 
Order L-217, Schedule II. 


TRENDS: 


Manpower control is tightening all 
along the line. Labor Boss McNutt 
has ordered establishment of hiring 
controls in all labor shortage areas 
and warned that similar controls 
would be instituted in less critical 
areas if the regional manpower com 
mittee feels they are required, . .. 
Concrete evidence of the swing away 
from facilities construction to intensi- 
fied production is the announcement 
that projects to cost $1,271,389,309 
were cancelled between the end of 
October and the beginning of Febr: 
Ns uva An example of the distortion 
possible in wartime Washington i: 
found in reaction to Civilian Supph 
Chief Joseph L. Weiner's report that. 
if need be, U. S. civilians could get 
along with 23 percent less in goods 
and services than they’re slated to get 
in 1943. In setting the “bedrock” fig: 
ure at $56,000,000.000 a year, Weiner 
mentioned that the necessary liquor 
consumption could be reduced 99 per 
cent, bringing screams from wet Con 
gressmen that “backdoor Prohibition’ 
was in the wind. Weiner doesn’t ex 
pect 1943 consumption to reach bed: 
rock although it is near it in metal: 
and rubber and may reach bottom i? 
several other fields by the end of thi 
year. Bedrock, he said, is 32 percer 
below 1941 consumption totals. . 
Public transit, swamped by the ban 
on pleasure driving, will be sv 
high priority on critical materials o 
construction and maintenance. 
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Visualizing in Three Dimensions 


Graphic illustration is the newest tool for engineers to use in putting ideas 


and explanations on paper. In a sense, visuals, as graphic illustrations are 


called, are perspective drawings with the accuracy and completeness of the 


best engineering drawings. The experience of Fleetwings, Inc. is that good 


commercial artists make better graphic illustrators than do draftsmen. The 


effectiveness of visuals depends on how carefully they are made and how 


widely they are used. Visuals catch “bugs” before production is started. 


OW to put the engineer’s ideas 

on paper so that they can be 

understood by anybody has 
long been a problem for both designers 
and draftsmen. This problem arises 
hot so much because management and 
administration executives sometimes 
are not able to visualize from blue- 
prints easily and quickly exactly what 
is intended but because frequently 
the foremen in the shop are not ex- 
perts in reading orthographic projec- 
tons, a fact which has been greatly 
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emphasized by present conditions. If, 
by any chance, the drawing is the 
kind that would present a clear pic- 
ture to non-technically trained people, 
it is not suitable for the engineers and 
production men. 

The aircraft industry began to 
furnish the answer to this problem 
when Douglas Aircraft Company got 
into production on a new bomber. 
“Visuals” were furnished to each sec- 
tion of the assembly line making a 
particular subassembly. In this man- 


ner workmen, foremen and officials 
could see what the finished assembly 
should look like and what should be 
in it. These pictures usually were 
nothing more than perspective draw- 
ings with the outer covering of the 
assembly removed, and until recently 
this practice was almost entirely lim- 
ited to drawings of subassemblies on 
the production line. 

Now, however, the matter of making 
and using visuals has been ap- 
proached with an entirely different 
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This is how an engineer’s idea looks when it is put on paper in the form of a graphic illustration for a project report. Everything 
is in accurate perspective. This drawing is “exploded” into the parts indicated by dotted lines. To give a complete picture another 
drawing is made looking at the plane from the rear 


philosophy by Fleetwings, Inc. This 
company uses visuals for everything 
from the original conception, when 
there may be nothing more to go on 
than an engineer’s idea, to the man- 
uals that go out with every airplane 
delivered; but these visuals are much 
more than just perspective drawings. 
Briefly and roughly, they are scaled 
perspectives with the extreme accur- 
acy and attention to detail characteris- 
tic of the best engineering drawings. 

One of the unusual features of the 
way Fleetwings has developed visuals 
is in the use of commercial artists. 
who have been found much more 
satisfactory for the work than drafts- 
men. In fact. the department head. 
who was the original graphic illustra- 
tor, as these men are known, is John 
Gonzales, a former commercial artist. 
His department works under the gen- 
eral supervision of R. R. Wiese, as- 
sistant executive engineer, who de- 
veloped the idea originally for the 
company. After considerable experi- 
ence in training graphic illustrators it 
was found that it is much easier and 
quicker to teach a good commercial 
artist to “tighten up” to the point 
where he can turn out satisfactory 
visuals than it is to try to teach a 
good draftsman to “loosen up,” that 
is, become artistic. At present, the 
department consists of twelve men, 
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but by the time this issue reaches the 
readers there will probably be several 
more added. 

The making of a visual comes under 
the heading of a craft or an art, as 
compared with plain drafting or draw- 
ing. This distinction should always 
be kept in mind, and is one of the 
reasons why commercial artists make 
better graphic illustrators than drafts- 
men. Another reason is that artists 
are trained to reproduce things so 
that they can be visualized in three 
dimensions instead of two. 

After a year of using visuals, Fleet- 
wings has found that the principal 
advantage lies in the saving of time 
in drafting and production, and the 
elimination of design and production 
difficulties before they arise. An in- 
teresting example of this occurred in 
the recent development of a new type 
plane. It so happened that engineer- 
ing drawings had been made for the 
wing assembly before a visual was 
made, which is the reverse of the 
usual procedure now. When the visual 
was completed, however, it was found 
that the landing wheel could not be 
retracted into the wing because of 
interference with part of the arma- 
ment installation and the landing gear 
mechanism itself. This interference 
did not show on the drawings. Ordi- 
narily it would not have been dis- 


covered until the plane was built. 
Then changes would have had to be 
made in all the completed drawings 
and the production procedure modi- 
fied. In this instance all that was 
necessary was to change the positions 
of the interfering items on the already 
completed drawings. Even these 
changes could have been avoided if 
the visual had been finished first. 

Best results are obtained, Fleet- 
wings officials say, if visuals are made 
as wash, air-brush or pen-and-ink 
drawings. These methods save time 
and produce more satisfactory results 
than pencil. In addition, with wash 
or air-brush techniques, color may be 
used on completed drawings to differ- 
entiate between parts or installations 
which might appear confusing in & 
black and white rendering. 

In the Fleetwings graphic illustra 
tion department there are several 
"veterans" with the remaining per 
sonnel being what might be called 
assistants or trainees. The masters 
are fully capable of following al 
phases of a project through from the 
time an engineer gets an idea until 
the job is completed. They are 8* 
sisted by the trainees, who usually 
handle the simpler parts of the job 
and most of the changes. 

When a project to develop a new 
airplane model is set up one of the 
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master graphic illustrators is assigned 
to spend all of his time, if necessary. 
on that project along with the usual 
staff of engineers. As the idea is dis- 
cussed and developed the illustrator 
makes notes and rough drawings of 
the general outline and principal fea- 
tures of the plane. These are used in 
the continuing discussions until the 
project engineer decides that the de- 
sired results have been achieved. This 
is the point where the design is 
“frozen” and finished visuals of the 
completed plane are prepared. 

Some striking results can be 
achieved by this procedure. As a hy- 
pothetical case, consider a customer, 
who might be the sales department. 
the Army. Navy or any other organi- 
zation which might want a quantity 
of planes. The project to fill the 
specifications is set up and when the 
project engineer “freezes” the design 
a finished picture of the plane can be 
shown to the customer. This picture 
is not just a general perspective view. 
It is accurate in scale and complete 
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This visual gives the details of the center section of a wing and is a particularly good example of the work done by graphic illus- 
trators. This illustration was made direct from the original to preserve the detail as much as possible. 
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in every detail, including the color. 
The sales possibilities of visuals like 
these are almost limitless and the 
thousands of man-hours spent in mak- 
ing detailed drawings that will be dis- 
carded if the customer is not satisfied 
are avoided. 

When the project engineer is ready 
to begin preparation of his report the 
visual of the finished plane is “ex- 
ploded” and visuals of the sub-as- 
semblies—wing, fuselage, tail, cowl 
and engine compartment, for example 
—and other desired features are pre- 
pared. Only overall dimensions and 
a few other data are available to 
work from. Several pictures of each 
assembly are made showing various 
arrangements of the different parts. 
The most satisfactory arrangement is 
then decided upon. In this work the 
outline of the assembly is traced and 
filled in by freehand drawing. 

Engineering drawings are the next 
step and the previously prepared vis- 
uals are used by the group leaders 
in the drafting room to assist in the 


preparation of these drawings. While 
these are being made, graphic illus- 
tration goes to work on visuals for 
use in production, planning, tool de- 
sign and similar departments. These 
are usually illustrations showing de- 
tails. When a visual is completed it 
must be approved by the heads of all 
departments or functions concerned, 
just like any engineering drawing. i 

All during this process the work is 
geared to have the visual of an as- 
sembly or one of its parts ready at the 
same time as the corresponding engi- 
neering drawings. The greatest value 
in graphic illustrations lies in their 
use for visualizing what is covered by 
an engineering drawing, in this way 
helping people to interpret drawings 
and blueprints. Thus, timing of the 
release of visuals is very important 
for their effective use. 

Next, the visuals are photostated 
and bound in the form of a produc- 
tion engineering report on that par- 
ticular model plane or item. This 
practice makes the contents of the re- 
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All surface controls are 
shown in this installato, 
visual. Supplementary tis 
uals on which all par 
numbers are noted m 
made for the various con, 
ponents of the conj 


system 


A full-scale reproduction of this visual is used in the welding section of the assembly line 
to make certain that all brackets and lugs are attached. The references give the numbers and 
titles of detail engineering drawings which give the actual dimensions and other data 


(Left) Recognition light controls are explained in this visual. For drawings of this kind of equipment the graphic illustrator 
sits in the pilot’s seat and sketches the unit as it would appear to the pilot. (Right) The cabin-heating unit is shown at the 
right of this illustration, with the heater controls mounted above the pedal and indicated by numbers. In the production 
visual of this assembly it was indicated that interference would develop if the part circled here was mounted vertically instead 
of horizontally, as shown. The heater manufacturer was contacted and it was found that mounting the unit horizontally would 
not affect the performance of the heater. Thus, this interference was remedied while the plane was still in the design stage 
and much time that could have been spent in redesigning was eliminated. These two illustrations are from the pilot’s manual 


port clear to anyone, regardless of 
whether or not he is an engineer. 
Subsequent visuals can be easily 
added. A copy of this report goes to 
management and engineering execu- 
tives; heads of production and tool 
design; planning and material con- 
trol; local representatives of govern- 
ment agencies; project engineer, in- 
spection, dispatching and expediting; 
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estimating. production engineering and 
weights and structures departments 
and Wright Field. Frequent requests 
are received for full-size reproduc- 
tions for training of ground crews and 
by the production department for use 
in the shop. 

Most of the visuals which go to 
make up the production report have 
each part shown with a key number. 


A box in one corner lists these ke 
numbers and the corresponding nur 
ber and title of the engineering draw 
ing covering that particular pat 
Sometimes, however, the drawing nu 
bers and titles are put right on t 
visual in place of the key number 
By this procedure the unnecess#l 
distribution of blueprints is avoidet 
since people interested in a particuli 


Propuct ENGINEERING 












ls m 
ation 
TY vis. 
| par 
d are 
$ com 
'ontrol 





rator 
t the 
ction 
stead 
vould 
stage 
inual 


se key 
g num 
 drav- 
1 part. 
ig num: 
on the 
imbers 
cessal} 
voided. 
rticulat 


ERING 








NC * 






we 
NS 
i x 


r 
^ 
N 
A/A 
F V N 
EN 


Location of all equipment in the front section of the cockpit 
is shown in this visual. Numbers refer to a list where the 
name of the part indicated may be found. The seat is drawn 
in outline to indicate its relative position and that of the 
pilot. Notice the "artistry" put into these drawings as com- 
pared with those for the production report 
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This visual of the throttle quadrant, taken from the 
J i pilot's manual, is an excellent illustration of the accu- 
T gi 5 racy with which a graphic illustrator can reproduc 
Lo cd ut an assembly by free-hand drawing 


part order only blueprints covering 
that part. 

Finally, the manuals to go with 
each plane are prepared. These cover 
flight operations, erection and main- 
tenance and structural repairs. They 
consist entirely of photographs of 
visuals made up in wash, ink or air 
brush. More artistry goes into the 
visuals for the manuals than those for 
the report, which usually contains 
visuals done in pencil or wash with a 
large amount of detail. This philos- 
ophy is based on the production man 
working from the inside out and the 
service man or pilot working from the 
outside in. 

Beginners in the Fleetwings’ graphic 
illustration department are broken in 
on making changes on completed 
visuals, thereby familiarizing them 
with the company’s standards and 
practices. Girl trainees do the letter- 
ing. Thus, the time of trained per- 
sonnel is spent as much as possible 
on the hardest and most important 
work of the department. 


Visuals for the manuals have been 
found superior to photographs for 
many reasons, chief of which are time 
and cost. A satisfactory visual can be 
prepared in less time and for less 
money than is necessary for waiting 
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for the plane to be finished and then 
taking. develeping and retouching 
photographs. Things that are unneces- 
sary or get in the way of making a 
clear picture can be left off or out- 
lined in a visual. Unlimited tonal 
values can be applied on a visual. 
which is impossible with even the best 
camera equipment and photographer 
doing the work. Confusing highlights 
and shadows are eliminated on visuals 
and details can be as simple as de- 
sired. 

Fleetwings developed graphic illus- 
tration as a result of efforts to solve a 
problem. There was a certain sum of 
money available for tools and the 
tooling department did not have avail- 
able complete engineering drawings. 
In the original tooling estimate. per- 
spective drawings of the major as- 
semblies were provided. These were 
sufficiently comprehensive to show the 
general construction details so that. 
for example, it could be determined 
that some wing ribs could be made on 
the rubber press and others would be 
made using spot-welding jigs. From 
this small beginning many other uses 
for visuals developed in both produc- 
tion and engineering. The tool design 
department, in the meantime, carried 
the work further, issuing manufac- 
turing procedure reports showing as- 
sembly methods beginning with the 
small details and building up step by 
step to final assemblies. 

When it became known what the 
engineering department was doing for 
the tool designers, requests started to 
trickle in from other departments. 
Everybody wanted to see a picture of 
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what he was working on. Even the 
Army asked for certain visuals for 
use with data on spare parts. Now 
visuals are distributed to almost every 
department in the organization. 

Uses for visuals of the kind de- 
veloped at Fleetwings are practically 
unlimited. All phases of operations 
offer possible applications. In this 
can be included assembly lines, serv- 
icing, scheduling and inspection. 
Other places are conferences, follow 
up and liaison work, training of new 
personnel and, last but very impor- 
tant, sub-contracting. Fleetwings’ ex- 
perience with visuals in most of these 
applications has become quite vast. 

In sub-contracting it has been found 


Advantages of visuals over photo. 
graphs are illustrated here. (4A) 
Visual of the power plant installa 
tion from a production report. This 
is done in pencil. (B) Photograph 
of a mock-up of the same installa. 
tion, from the opposite side. Notice 
the flatness of the picture. The 
highlights are too bright and the 
shadows cut out much detail that it 
is necessary to show. (C) Wash. 
drawing visual made by a graphic 
illustrator after the same power 
plant has been installed in a plane. 
Note here the evenness of shading 
and the realistic effect produced by 
the wash. This work is entirely 
freehand, yet it has the accuracy of 
an engineering drawing, with con- 
siderably more detail than would 
usually be found in such a drawing 


that a visual of the assembly to be 
farmed out along with the usual en 
gineering drawings will produce 
quicker and more satisfactory results. 
Recently Fleetwings let out a contract 
on which there were no sample parts 
to show the prospective subcontractor. 
So Fleetwings sent its own visuals oí 
the sub-assembly along with the orig 
inal blueprints and other data. In an 
amazingly short time the other firm 
found that it could make this as 
sembly, largely because the engineers 
had an accurate picture of the work to 
be done. 

When a new model airplane was 
put into production some time ago a 
was found that the first units to reach 
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the end of the assembly line were miss- 
ing about half of the brackets and 
Jugs for mounting various equipment 
and controls in the center section of 
the fuselage. These brackets and lugs 
are welded on and the crew respon- 
sible for this work could hardly help 
miss a few, particularly since they 
were called out on various installation 
drawings. As a result, the fuselage 
had to be reworked to add the remain- 
ing parts. Now there is a full-size 
reproduction of the visual hanging on 
the wall at the section of the assembly 
line where the work is done, showing 
the location of these brackets and 
lugs. One man stands at the chart and 
checks off each item as it is attached. 
The fuselages now reach the end of 
the line with all the brackets and lugs 
in place. 

Even the purchasing department 
can make use of visuals to facilitate 
its work. Full-size reproductions of 
visuals can be sent out with requests 
for bids and suppliers will be able to 
estimate prices much more closely. 
Also, for the use of salesmen who 
call, visuals can be hung around the 
walls of the department, or manuals 
prepared, to enable salesmen to get a 
clear idea of where any of his com- 
panys products may be useful in mak- 
ing the assembly or machine which 





The difference between the pencil and wash processes of making visuals 
ing gear assembly and the main installation details as they wer 
‘ame assembly, modified in some respects during the process of 


is a land 


maintenance manual 
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the buyer may want to manufacture. 

Sales, including promotion, must 
not be overlooked. The right kind of 
visual in a salesman's portfolio or in 
promotion literature wil do more 
actual selling than thousands of either 
written or spoken words because the 
product will be shown accurately and 
completely—and much more so than 
the best photograph or other means of 
reproduction. Catalogs, too, should be 
considered here. 

Making and using of visuals by 
Fleetwings, as described briefly in 
this article, does not indicate by any 
means their full development. Any 
designer could adapt the basic idea to 
his own work and that of his firm with 
little trouble once he appreciated the 
general principles underlying their 
preparation and use. The philosophic 
attitude taken toward them is very 
important. 

To begin with, it must be realized 
that the best visual in the world will 
be a dismal failure if it does not do 
the job for which it was intended. 
The finest engineering drawings are 
good to look at, but they are a waste 
of time and money if they are used in 
the wrong place at the wrong time. 
Visuals, too, are subject to this limita- 
tion. They will not tell a person how 
to build an airplane, or an automobile, 


or a refrigerator, or anything else. 

In order for any visual to be a suc- 
cess it must be accurate; this is more 
important than anything else. Right 
behind accuracy comes completeness. 
Everything must be shown down to 
the minutest detail. To be worth the 
money and time necessary to make it 
a visual should be so accurate and so 
complete that no one can criticize it, 
most of all an engineer. If it does 
not satisfy this condition then it is no 
better than an ordinary perspective 
drawing or photograph. 

When all is said and done visuals 
are nothing more than another tool 
for the engineer to use to simplify, 
speed up or otherwise aid his work. 
The designer can use them most ef- 
fectively, perhaps, at the moment; but 
those concerned with production, in- 
spection, servicing and personnel 
training also can put them to good 
use. When they are integrated into 
the normal processes and functions of 
a manufacturing firm, such as has 
been done by Fleetwings, their im- 
portance and usefulness grow by leaps 
and bounds. For cutting costs, meas- 
ured in man-hours, and making short- 
cuts they would seem to have more 
possibilities than any other single de- 
velopment in engineering practice for 
many years past. 
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is graphically shown by these illustrations. At the left 
e prepared for the production report. At the right is the 
getting into production, as it was drawn for the erection and 
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Liberty ships (Design EC2) are pro- 
pelled by a single screw driven by a direct 
acting, condensing, 3-cylinder, triple-ex- 
pansion  reciprocating vertical steam 
engine. Basically the engine is of English 
design. The engineering detail work of 
preparing a new set of drawings, suit- 
able for American manufacturing meth- 
ods, standards and tolerances, was done 
by the Hooven, Owens, Rentschler Divi- 
sion of the General Machinery Corpora- 
tion. American drawings were prepared 
so quickly that it was possible to com- 
plete the first engine in six months after 
the English drawings were received. The 
engineering work also involved the de- 
velopment of many jigs, tools and fix- 
tures to speed the production of parts 
and to facilitate assembly. To eliminate 
duplication of effort and to hasten de- 
livery of the engines, the detailed engine 
drawings and designs of special tooling 
were made available to other contractors. 
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Crankshaft is of forged steel, solid webs. Shaft is made in two sections, are bolted to the forward shaft st 
forged or of the built-up type. The the forward section making the high tion. Low pressure section carries tit 
illustration above shows the built-up pressure and the medium pressure turning gear wormwheel. Coupling 
type. Crankpin and shafts are shrunk cylinders, the aft section making the flanges are forged integral with the 
into either forged or cast-steel crank- low pressure cylinder. All eccentrics shaft and are held by fitted bolts. 
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Required for repacking 


,end closure 
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| lower half 
| semi-stee/— 


Thrust shaft may be adjusted à forward 


or att from mid position 


Thrust bearing. Principal parts 
include a semi-steel housing with two 
jumal bearings, a thrust shaft with 
integral forged collar, and two pairs 
of thrust shoes (two shoes for ahead 
and two for astern thrust). Each 
shoe covers about 60 deg. of arc. 
Shoes are individually adjustable fore 


2 | ; 

“| Required for: 
riii sic removing ; 
coil 


and aft by jack screws. Journal bear- 
ings have removable lower half shells 
lined with babbitt metal. Upper half 
bearing babbitt is cast in the housing 
cover, leaving large pockets for oil. 
Lubrication is automatic, a metal 
scraper riding on the collar distri- 
butes oil to the collar surfaces and the 


Air vent and 
foil filling 


Shoe, 
cast stee/ 


journal bearings. Ordinarily, the 
bearing cools itself by radiation. But, 
a small copper cooling coil is pro- 
vided in the oil bath for emergencies. 
Cooling coil may be placed at anyone 
of four positions in lower half of hous- 
ing. Ends of the bearings are sealed by 
stuffing boxes around the shaft, 


Main engine of the Liberty ship is of the ver- 
tical, 3-cylinder, triple expansion type. Cylinders 
are 2414-37-70 in. dia. x 48 in. stroke, and develop 
2,500 indicated hp. at 76 r.p.m. Steam gage pres- 
sure is 220 lb. per sq. in., maximum steam tem- 
perature is 450 deg. F. Engine exhausts at 26 in. 
vacuum to a surface condenser bolted to the back 
columns of the engine. Cylinder arrangement 
from forward to aft is high pressure, medium 
pressure, low pressure. High pressure cylinder 
is provided with liner for the piston as well as 
the piston valve. All cylinders are cast individu- 
ally and bolted together to form a unit block. 
Steam chests are cast integrally with cylinders, 
thus eliminating inter-connecting steam pipes. 
High pressure cylinder is fitted with piston valve. 
Medium and low pressure cylinders have box-type 
balanced slide valves. Bedplate is continuous 
under the entire engine and supports the cylinders 
through columns. Main bearings for supporting 
the crankshaft are set in recesses in cross girders. 
Bedplate is bolted directly through chocks to the 
tank top. Columns are of the box-type construc- 
tion. To the back columns are bolted separate 
crosshead guide plates and back guides. Cross- 
head guides are water cooled. Reversing engine 
is of the all-around type and is bolted to the high 
pressure front column. Turning engine, attached 
to the bedplate, is used for turning the main 
engine over when required for repairs or setting 
valves. Air pump is of the Edwards type, and is 
driven from the low pressure main crosshead 
through beams connected to the pump crosshead. 


139 














adn I 
QUE | 


E Graphifed 


2 pipe tap for 
pressure 





for distant 
reading 
thermomefer 


Throttle valve is of the single seat, 
balanced poppet type. A pilot valve 
is provided to relieve the pressure on 
the balanced piston so that valve can 
be opened easily. To withstand steam 
erosion and “wire drawing,” the seat- 


Bearing 


Bearing cap, 
bolt. 


stee/ 
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Pilot valve, 
Monel 


ing surfaces of both the main throttle 
valve and the pilot valve are made 
of Monel. Valve is operated from 
the platform by a handwheel; an ex- 
tension is also provided so that the 
throttle valve can be closed from the 


_--- Oil box, 
"^ . brass Upper half 
_-~ bearing, 


cast iron 


Top View 


Shims, brass 


£ starting--” 
valve flange 


Valve seat | 
Mone/ 


Operating fork 
“for extension 
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||| Fulcrum 
brackef, 
cast stee/ 


s Bushing, bronze 


E. Spindle , stee/ 


Bushing, bronze 





deck. A butterfly valve for quick 
throttling is built into the neck of the 
throttle valve which extends to the 
high-pressure cylinder chest. Body 
and cover of throttle valve and fulcrum 
bracket are cast steel. 


Main bearings. Crankshaft is sup 
ported in six bearings, each of which 
consists of an upper and a lower cast 
iron babbitted box. The boxes are 
fitted into flat bottom recesses formed 
in the cross girders of bedplate. 
Boxes are held in place with flat steel 
bearing caps, through which bolts 
extend to the bottom of the bedplate. 
Laminated shims between the uppe 
and lower boxes are provided for 
taking up wear. Bearings which sup 
port the high-pressure and medium 
pressure cranks are 1414-in. dia. by 
15 in. long, those at the low-pressur 
cranks are 1414 in. dia. by 16 m 
long. Each main bearing is wick lv 
bricated from an oil cup fastened on 
the cap. 
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GLASS GAGES CONSERVE CRITICAL TOOL STEEL 


Glass gages of various types which 
are replacing steel ones at the Frank- 
fot Arsenal, Ordnance Department 
studies and experiments indicate that 
up to 50 percent of the hundreds of 
thousands of steel gages used by 
manufacturers and inspectors of ord- 


Photo by Office of War Information 
Checking outside diameter of 
small gear with a glass gage. Han- 
dling glass gages is easier than those 
of steel since glass gage is much 
lighter. Because there is no rust, 
greasing and degreasing are not neces- 
ary. Also, glass appears to have 
abrasive resisting qualities equal to 
or better than steel in many gaging 
applications. 
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nance items eventually can be re- 
placed by glass products. Saving of 
three-quarters of the man-hours of 
machine tool labor required for the 
manufacture of steel precision gages, 
as well as significant quantities of 
critical alloy tool steel, will be ob- 


Inspecting inside diameter of a 
metal part with glass plug gage. 
Where component part being in- 
spected is very nearly the size of the 
gage, there is less tendency for com- 
ponent to seize or gall on the glass 
than on steel gage. Scratches on glass 
do not leave a burr and do not change 
effective size of the gage. Visibility 
in inspection, not always possible 


Photo by Office of War Information 
tained by the use of glass gages. It 
is estimated that 250 tons of tool steel 
can be saved annually by the govern- 
ment arsenals alone. Cost of glass 
gages is half that of steel ones after 
molds are made. Markings on glass 
handles are produced by acid etching. 


Photo by Office of War Information 
with steel, will tend to produce a 
superior product; perspiration on the 
hands of inspectors has no corrosive 
effect on the glass gage; and since 
thermal conductivity of glass is less 
than that of steel, heat transferred 
from the hands of inspectors to the 
gage will affect gaging dimensions to 
a less degree than it would affect 
gages made of steel. 
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MOBILE STIFF LEG CRANE FOR AIRFIELDS 


Mammoth stiff leg crane mounted on swivel trailer — by a Tournapull unit which is powered with a 29) 


clears airfields of stalled or damaged aircraft. De- hp. Cummins diesel engine. Crane structure con. 


signed by engineers of R. G. Le Tourneau, Inc., sisting of welded main truss, A-frame and boom 
the giant crane, lifting capacity of 30 tons, is drawn is designed to facilitate quick assembly. 





Transmission is geared for four 
speeds which range from 2.6 m.p.h. in 
low to 15.0 m.p.h. in high gear. Hy. 
draulic brakes are provided for brak 
ing and chocking the front wheels. 
Tournapull unit has two (30x40) 20 
tires. Crane is equipped with fou 
(24x32) 36 tires. One wheel with 
tire weighs 2 tons. Crane truck car 
ries about 10 tons of sand for ballast 
Lift of crane when in upright position 
is 33 ft. 8 in., reach is 35 ft. Overall 
dimensions of crane and tractive unit 
are; length 87 ft. 6-3 in., width 2 
ft., height 38 ft. 10 in. Boom structure 
is 44 ft. long. Distance from axle to 
drawbar is 36 ft. Weight of crane and 
combined units is approximately 6 
tons. 
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30 TON CRANE FOR AIRFIELDS 


stiif leg A-frame, boom and main 
frame truss are separate welded struc- 
tures. Each of which has chords, 
struts and cross-ties of rectangular box 
section made by welding together 
longitudinally the edges of standard 
angle sections. Pin joints are used to 
connect the forward ends of main 
truss to the crane truck body, the bot- 
tom ends of stiff leg A-frame to the 
axle, the top ends of stiff leg A-frame 
to main truss, and the boom to main 
truss. Front end of main truss is, of 


course, open to straddle the truck 
body. Lower cross-ties of truss are 
arranged in ascending heights from 
rear to front so that in assembly the 
truck body can be backed into the 
open front end of the truss, the truss 
first being lifted with jacks at the first 
panel connection to clear the axle, 
then after axle is cleared jacks are 
placed at front end of truss to raise 
it high enough to make connection 
with truck as it is backed in further. 
After pin connection on under side of 


truck body is made, the reeved cable 
sheave box is then fastened to upper 
front cross-tie of truss. The truss can 
then be swung up and held to serve as 
a stiff leg for lifting the A-frame and 
boom structures into position for as- 
sembly. Because of its extreme 
width, the A-frame is made in two 
pieces so that it can be carried in a 
freight car, square flanges welded to 
the cross ties and diagonals of the 
frame are provided to make bolted 
connections. 


PILOT SEATS MADE OF 
|N0N-STRATEGIC MATERIALS 


Pilot seats for training, pursuit and bombing aircraft 
ae made of plastic impregnated fabric and wood to save 
trategic materials. Mounting brackets, shoulder harness 
and adjusting fittings are the only metal parts used to make 
the aircraft seat designed by the Harvil Corporation. In 
addition to the advantage of saving strategic materials, and 
its light weight, the seat requires little tooling to manufac- 
ture. The seat can be easily and economically adapted to 
"rius designs and standards. No heat or pressure is re- 
quired in fabrication, a feature that makes repairs in the 
üld easy and practical. The seat weighs no more than 
an equivalent metal structure. Several types are being 
made. Where installation requires deviations from standard 
design they can be easily made. 
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Carbon dioxide gas, which has long 
long been in use to inflate rubber rafts 
and life-vests, as well as for extinguish- 
ing airplane, tank, marine and indus- 
trial fires, has recently been harnessed 





as a source of emergency power 
through a new development by engi- 
neers of Walter Kidde & Company. O 7 A Alli 
The power actuator system is a steel PUL ~ 4 Si "^ 


bottle filled with liquid carbon dioxide 
or compressed air with suitable valves 
that can be connected to the regular hy- 
draulic systems used for opening bomb 
bay doors, for lowering retractable 
landing gear and for applying brakes 
of aircraft. If the hydraulic system 
fails or is damaged by anti-aircraft or 
machine gun fire in combat, the com- 
pressed gas can be released into sys- 


tem to operate pistons. 


handle is operated: 
l. Vent valve closes 


Aft actuating cylinder- 


Piston rods. "a 2 

“sy —— 

COMPRESSED GAS POWER ACTUATOR FOR | | 
OPERATING AIRCRAFT BOMB BAY DOORS 


Schematic layout indicating how 
compressed gas power actuator is ar- 
ranged and connected to an aircraft 
hydraulic system for opening bomb bay 
doors quickly in an emergency. Opera- 
tion is accomplished by pulling an 
emergency control handle which is con- 
nected by cable to a short-pull seat 
valve fitted to top of compressed gas 
cylinder. Cable is also connected to a 


Sequence of operations mechanically 
performed when emergency control 


2. Compressed gas cylinder releases 


Hydraulic 
tube lines. 


Outboard i 
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of oil on i! i " ( 1----- Control 
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normally open vent valve installed in 
a branch from the discharge line of the 
gas cylinder. When emergency control 
handle is pulled, the cable closes the 
vent valve and releases the compressed 
gas in the cylinder. Gas then flows to a 
control head valve at each hydraulic 
cylinder and closes the hydraulic line 
leading to the rod end of the cylinder. 
Gas then flows through the control head 
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valves to shuttle valves, one at the het 
end of each hydraulic cylinder. In e 
shuttle valve the pressure of the g 
moves a spool valve that closes the hy 
draulic line and admits gas into the 
head ends of the respective hydra 
cylinders. As the expanding gas drive 
the piston forward, the oil on the dows: 
stream side of the piston is dumped ot! 
board or may be returned to reservo! 
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Short-pull seat valve, permanently 
nounted in cylinder, retains compressed 
üror gas at pressures up to 2,000 Ib. 
per sq. in. A safety disk and safety 
met are provided at side of valve, 
these automatically release gas to at- 
mosphere in the event that pressure 
in cylinder should become excessive 
because of high temperature or over- 
charging of cylinder. An outlet connec- 
ton is also provided for an indicating 
pressure gage. Turning handwheel ad- 
mits cylinder pressure to gage when 
connected, and is also used when fill- 
mg cylinder through Schrader type 
connection. 

Seat type cylinder valve opens when 
e valve stem moves upward. Valve 
tem is threaded and screws into a 
lad-screw which mates with a short 
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lead-nut. Lead-nut is screwed firmly 
into the valve body and is then locked 
to prevent turning. In order to avoid 
self-locking, the lead-screw is provided 
externally with a left-hand fast lead 
Acme thread. Also because of the fast 
lead, the vertical force applied by gas 
pressure on the ends of lead-screw and 
valve stem tends to turn and advance 
lead-screw upwards in a clockwise di- 
rection. A torque arm rigidly keyed to 
the lead-screw is normally prevented 
from rotating by a cam. The lower end 
of cam is slotted so that when the cam 
is rotated the torque arm is free to move 
through the slot. Upper end of cam, 
which projects through a bearing nut, 
mates with an indicator lever and also 
an operating lever to which pull cable 
is attached. The indicator lever is 











SHORT-PULL VALVE 
ASSEMBLY 






rigidly pinned to cam, but the operating 
lever floats freely on the cam. A right- 
angled projection on the indicator lever 
normally rests against the edge of op- 
erating lever so that any forward turn- 
ing motion of operating lever is trans- 
mitted to the indicator lever. 

Operation of pull cable by the pilot 
in an emergency will, through this 
assembly, rotate the cam and thus re- 
move constraint on torque arm and 
permit the air pressure to rotate and 
raise the lead-screw, thus opening a 
passage which permits compressed air 
in cylinder to flow both to vent valve 
and to control head valves. 

When valve has operated, a black 
target on a yellow background is visi- 
ble through a small window in the valve 
casing. 
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VENT VALVE 


Vent valve is installed for the pur- 
pose of venting the air lines to enable 
the aircraft main hydraulic system to 


return the bomb bay doors to their 
closed position after operation of the 
compressed gas power actuator, During 
operation of the actuator, the vent valve 
is closed thus preventing loss of gas 
pressure to outboard discharge. As 
shown in the illustration the valve is in 
the normally open position, in which 
the spring loaded cam lever depresses 
the stem and holds the valve disk off 
the seat. 

In actual operation the cam lever is 
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pulled to the right thus permitting the 
stem to be pushed up by the stem spring 
and gas pressure to seat the valve. 


Control head valve is installed 
for the purpose of connecting power 
actuator system with the main hydraulic 
system and to enable independent 
operation of either system. In opera- 
tion gas enters Port No. 2 and passes 
through Port No. 4, thence to the shuttle 
valve on the hydraulic cylinder. Simul- 
taneously the fluted valve piston is 
moved to the left, thereby seating the 
ball against the seat which closes the 
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CONTROL HEAD VALVE 


Port No. Í to rod end ow TRI" 
of hydraulic cylinder, piston ar ited 
v 
s \ / 


1 Port No.4 
J to mm 


"nt 
p 


bs 


"Por? No. 5 
to outboard 
discharge 


hydraulic supply line connected t 
Port No. 3. This action also enables oi 
from the hydraulic cylinder connected 
to Port No. 1 to pass through valve t: 
Port No. 5, then discharge outboard. 

After operation, the ball is retumei 
by a spring to normal position again: 
the opposite seat to permit the closin; 
of the bomb bay doors with the hy 
draulic system. Gas vented from head 
end of hydraulic cylinders enters Por 
No. 4 and passes through Port No. 2, 
then to outboard discharge through 
vent valve, which has been reset to nor 
mal open position. 


Gas or air cylinder with remote 
control valve for emergency operation 
of aircraft brakes. The remote contri 
valve is permanently mounted in the 
mouth of cylinder, and retains the 
charge in the bottle at working pre: 
sures up to 2,000 Ib. per sq. in. The gas 
in the cylinder is released into the 
connected brake supply line by sim 
ply pulling the emergency contro! 
cable which is attached to the vale 
lever. This operation moves the le: 
assembly in a manner so that the plung 
er is pushed into the valve body, 
thereby unseating the valve disk this 
opening a path for the compressed i 
to flow from the cylinder to the supp! 
line that actuates the brakes, The re 
mote control valve is provided with? 
safety disk and safety outlet, so that 
the gas is automatically released t0 3 
mosphere should the pressure in tiè 
cylinder become excessive because & 
exposure to high temperature. 


Propuct ENGINEERING 





















at 


ká 
M 





poor hinge designed to reduce drilling and tap- 
ping operations as well as fitting and assembly 
ime. Original design was made by engineers of 
the Brown & Sharpe Manufacturing Company, the 
hinge has been adopted by a number of other 
machine builders. Only one plain drilled hole is 
required in the machine frame to attach hinge. 
Alignment and adjustment of the door is done 
easily and quickly. 

One leaf of an ordinary butt hinge is attached to 
the door by machine screws, or by welding if the 
door is fabricated. The other leaf has a filler 
plate welded to the back in order to bring it out 
to the correct position. A drilled hole through 
the filler plate and leaf receives an expansion stud. 
which after insertion is welded to the leaf. The 
expansion stud is drilled through its length with 
astepped hole, tapped at the front end to receive 
aset screw, under which is a steel ball. The back 
end of the expansion stud is slotted longitudinally 
with a saw-cut. During assembly of door to frame. 
the expansion stud is inserted in a plain drilled 
hole in the machine frame and the set screw 
tightened, this action forces the steel ball against 
a tapered seat causing the split end of the stud 
to spread and lock the hinge to the machine 
frame. The illustration is a rear view of a milling 
machine which shows the hinge in an open position 
on the rear door. On the right side of the machine 
isaclosed door with a hinge that “floats” the door 
into position against an unmachined surface. 
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AUTOMATIC TOOL SIMPLIFIES RIVET HANDLING 


Faced with workers individually handling each 
rivet in aircraft assemblies, calling for hundreds 
of thousands of rivets, the Research Division of 
the Murray Corporation of America undertook 
the task of inventing and developing tools to 
simplify and expedite rivet handling operations. 
This research activity resulted in designing and 
patenting the Murray Riv-N-Jector, now manu- 
factured by the Cleveland Pneumatic Tool Com- 
pany under an exclusive licensing agreement. 


“Ejector 
spring 


Riv-N-Jeetor shown is 14 in. long 
and has a capacity of approximately 
65 rivets. When projecting rivet is 
placed in the hole and the tool is 
pressed against the work, the two jaws 
open and release the rivet, which is 
immediately replaced by another, 
ready for the next operation. In draw- 
ing A, one jaw of the Riv-N-Jector 
has been removed to show the posi- 
tion of the rivet at the injection end 
of the tool, and a portion cut away at 
the small end to show the spring and 
follower arrangement, Cross-section B 
shows the leading rivet extending out 
from the jaws ready for injection. 
Cross-section C shows the tool pressed 
against the work with the jaws open 
releasing the first rivet into the hole 
and automatically ejecting the fol. 
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serting rivets. 





lowing rivet. Drawing A shows one of 
the jaws held in place by the wire 
spring. 

Fastened inside to the small end 
of the cover is an ejector spring that 
extends around a roller and is then 
reeved back to connect with a lip on 
the follower which protrudes through 
a slot in the tube. Therefore, when the 
jaws open a rivet is automatically 
ejected into the hole by means of the 
follower. When pressure of the tool 
against the work is released, the jaws 
are immediately closed by wire 
springs. Jaw end of cover is hinged to 
the tube and bracket assembly with a 
pin. The small end of cover is held 
to the tube with spring clip clamps. 
To load the Riv-N-Jector the cover is 
swung open from the spring clamp 


The Riv-N-Jector not only increased Production, 
but also eliminated the tedious hand operation 
of inserting rivets in aircraft assembly, Savings 
were also realized in the elimination of wag, 
rivets, dropped or spilled upon the floor, Tin, 
studies run with a number of inexperience 
workers showed material savings between 70 aj 
80 percent, with a saving in labor ranging frog 
25 to 35 percent over the hand method of jy. 


stiffener 





Springs to 
„Close Jaws 


and the follower withdrawn from the 
back end of the tube thus leaving the 
tube open to receive a charge of rivets 
An automatic loader has also been de 
veloped for filling the tube with a 
measured quantity of rivets. After 
loading the follower is put back in 
the tube and the cover closed. The 
automatic loader eliminates the neces 
sity of supplying boxes of rivets to the 
production line. Riv-N-Jectors are de 
signed for handling 45, !4, and jy i 
rivets with different style heads and 
lengths. A removable identification 
card showing the size and length of 
the rivets is held in a small detachable 
frame on the side of the cover, 9 
that the operator can readily identify 
and check the size of the rivets in 8 
loaded tube. 
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Strategic materials and processes have almost entirely eliminated in this Ryan PT-25 plastic-bonded plywood trainer 


Plywood Design Practice 
For Maximum Strength 


Designing in plywood and glue has many things in common with 


designing with steel and other metals joined by welding but its contrasts 


are most striking to the design engineer. The following discussion 


and illustrations show many of the kinks that are now commonplace 


with designers of plywood aircraft. Since they are used where greatest 


efficiency in low weight, high strength construction are essential, they 


can be safely applied to any other type of structures or parts. 


SE of wood and plywood in 

mechanical design was losing 

ground prior to the war and 
their applications were largely con- 
fned to furniture and building struc- 
tures. Greater familiarity of the engi- 
neering profession with metals and 
better organization of the producers of 
metals had much to do with this condi- 
tion, Under the stimulus of war econ- 
omy, however, the inability to obtain 
sufficient metals to fill military and 
civilian requirements brought to the 
front improvements in the design of 
wood structures and in methods of 
computing stresses. These enable wood 
constructions to be engineered with an 
efficiency at least approaching that 
Which engineers are accustomed to 
apply to steel or alminum structures. 


March, 1943 


Improved bonding materials in ply- 
woods. improved methods of manufac- 
turing plywoods, improved glues or 
adhesives for joining wooden members 
of a structure, and the development of 
high density plywoods by compression 
and impregnation with new plastic or 
resin binders have all had a part in 
new achievements with wood and ply- 
woods. Learning to design plywood 
structures has as many problems as 
designing in steel and cast iron. Va- 
rious types of woods and plywoods 
have as many different properties as 
the infinite number of possible alloys. 
However, it is beyond the scope of this 
article to discuss the differences be- 
tween metals and woods or even be- 
tween different woods. 

Common woods or plywoods used in 


aircraft are American beech, sweet or 
yellow birch, and hard maple. These 
are the high density woods. Their 
greatest value is in resistance to abra- 
sion and high strength for fastenings. 
Medium density woods are recom- 
mended tor plywoods to be steamed 
and bent into permanent molded 
shapes. Ten or a dozen species of 
woods have been found suitable. A 
third, low density group of woods are 
recommended principally for core 
stock and cross banding. However, 
where high bending strength or free- 
dom from buckling at minimum weight 
is desired, plywood made from the 
woods of this group are also recom- 
mended. 

A fourth class might be mentioned: 
the compressed impregnated plywoods 
which were developed primarily for 
airplane propeller stock but which 
also have some applications in ply- 
wood construction where high strength 
is necessary. This material has the 
drawback of being extremely difficult 
to glue but certain types have been 
developed with natural wood surfaces 
which make satisfactory glued joints, 
or the surface may be roughened by 
sandpaper, sand-blasting, or other 
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means. The hard woods of the first 
named group are relatively difficult to 
glue also and this is a factor to be 
considered in selecting a wood for a 
given purpose, 

From a maintenance standpoint it Is 
desirable to use only standard ply- 
woods for design. Properties of a 
fairly extensive variety of such ply- 
woods have been tabulated for con- 
venience of engineers. These include 
plywoods consisting of 3 to 9 plies in 


which thicknesses vary from 0.01 to 
0.1 in. and overall thicknesses range 
from sz to 5g in. Grain directions of 
adjacent plies are at right angles in 
all of these plywoods. 

The strength of glue joints depends 
to a large extent upon the type of glue 
used and the technique of application. 
No universal standard of gluing has 
been adopted. Both casein and resin 
base glues are being employed and 


Lap. butt. and scarf joints all 
have their place in plywood construc- 
tion. Since short lap joints place an 
eccentric load on the glue line, they 
are not recommended in aircraft skin 
construction. If butt joints are used 
they require the use of splice plates 
of adequate If a butt 
joint is made directly on either solid 
or laminated wood without a splice 
plate, cleavage may occur at low 
stresses. Splice plates should be 
scarfed on their edges to avoid abrupt 
changes in section, which result in 
concentrations, and if made 
over relatively large wood members, 
should extend beyond their edges, also 
to avoid stress concentration. 

Butt joints and splice plates should 
not be used in splicing beam webs. 
Preferred joint is either a straight or 
diagonal scarf joint. Length of a 
scarf joint should be about 20 times 
the thickness of the web. When scarf 
joints are made over large wood mem- 
bers they should be separated by 
splice plates the same as for butt 
joints. Splice plates may be made 
continuous along top or bottom of 
beams and be cut with scallops to 
serve as gussets at rib locations. 


gluing area. 


stress 


Thickness of plywood skin often 
should be tapered for structural effi- 
ciency so that strength varies with the 
load as closely as possible. A stepped 
taper is preferred, plies being added in 
pairs to maintain symmetry. Stress 
concentration is avoided by scarfing 
the edges or by scalloping. 
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both classes may be applied by hot 
and cold setting methods. In careful 
design eccentric loading and tension 
components are avoided. End grain 


glue joints are weak and must be 


given additional strength by the use of 
corner blocks or gussets, as shown in 
accompanying illustrations. Glue joints 
are best in shear and can be used for 
all joints except those in which loads 
are concentrated, where there are 


cleavage loads or other factors. 

In joining dissimilar materials, such 
as metal and wood. consideration 
should be given to designing for equal 


deformations under load and for unì. 
form distribution of loads among bolts 
or throughout the joint. This may þe 
approximated by tapering in such 
manner that the ratios of average 


stress in each material to. moduli 


elasticity are equal. 

A number of proper and improper 
methods for designing plywood joint. 
and for reinforcing plywood member 
are illustrated here. These may p 
applicable to aircraft, bus or try 
bodies, or any other application 


where the strength of the material 
must be employed most efficiently. 


ee y 


Material in this article is based upon Capt. J. D. James’ ANC Hand. 


book. The Design of Wood Aircraft Structures, with additional dat; 
and suggestions by M. P. Baker, assistant chief engineer, The Waco 


Aircraft Co., Troy, Ohio. 
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Blocking of box beams for at- 
tachment of fittings should be de- 


signed to avoid stress concentration at 
the corners of the block. By tapering 











out the four corners as shown, stress 
concentration is avoided. 


of checking is reduced by including 
cross-banded laminations in blocks. 





Preferred 





Possibility 


--- Section of airplane 
wing rib 





~-—Continuous gusset 























~ 


A// center lines 
meet at common 










Center limes of the struts should 
meet on the center lines of the rib caps 
to avoid eccentric loading in the most 
eficient truss construction. Actual 
fitting of the ends of struts, how- 
ever, is not essential. Use of continu- 
ous gussets is one of several satis- 




















/ Intercosta/ «Frame 









Correct 








Intercostals should be butted 
against the rib or frame and fastened 
with saddle gussets or other means 
for safest construction. When they 
are terminated some distance from the 
rib or frame the result is usually 
cleavage along the glue line starting 
at the free end of the intercostal. 
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factory types of construction. They 
have the advantage that they stiffen 
cap strips in the plane of the rib and 
are more easily handled than many 
small separate gussets. They also 
help in obtaining better rib-skin glue 
joints where nail gluing is used. 





In tercostal! 


teed 









" 
Saddle gusset 






When ribs or frames are notched 
for stringers, the construction should 
be similar to the design described 
above except that a reinforcing block 
scarfed on both ends, must bridge the 
notch and be glued in place. The 
saddle gussets are then glued to both 
frame or rib, and reinforcing block. 








| M CHE 
- Directions FAG 
Wrong for Tension 
and Shear Loads 


Right for Tension 
and Shear Loads 


Grain directions should be diag- 
onal when plywood skin is in tension. 
Square laid plywood tends to rupture 
before ultimate strength is reached. 
Some of the plies fail in tension as 
soon as the proportional limit, which 
is close to the ultimate tensile strength, 
is reached. None of the fibres of 
diagonal plywood are in pure tension 
and failures are the result of shear 
loading. Yield point beyond propor- 
tional limit in shear allows internal 
adjustment and deflection with the 
structure. Stiffness of diagonally laid 
plywood is approximately five times 
that of square-laid plywood. When 
used in shear webs of beams the face 
grain should be at right angles to the 
direction of possible shear buckles for 
greatest resistance to buckling. 


Avoid sharp corners 


Doubler 


Doubler” 


2] HB 
Correct 


All openings through plywood skin 
should be rounded to avoid stress con- 
centration at corners and should be 
reinforced by a doubler glued to the 
skin around the opening to overcome 
loss of strength produced by opening. 
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Plywood 
Angle 


Ww Hugh density 
‘plywood for 
compression loads 


Plywood Gusset End Grain Joint Reinforcement 


Aluminum or steel strap. Bo/t reinforcement to prevent 
| Splitting 


ERRORS A EL 


Metal washer 


‘Typical Failure in 
Unreinforced Wood Member 


Aluminum or 
Fibre bushing 


weight may be saved by using a short 
bushing at the point or points of load- 
ing. Bushings may also be confined 
advantageously to high density face 
plates, when present. If metal wash- 


Bushings around through-bolts in- 
crease bearing area. When the bush- 
ing goes all the way through it also 
enables tightening the bolt without 
crushing the wood. On long bolts 


Better 


the wood. High density plywood 
plates between clamps and wood mem- 
bers are often desirable. They should 
be scarfed at the edge of the clamp 


Clamps around wood members 
should be designed so that they can be 
tightened symmetrically. Wide base 
plates prevents crushing the edges of 
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Plug bushing 


End grain glue joints may p. 
strengthened satisfactorily by several 
types of reinforcement d: pending 
upon their size and the loads to he 
carried. If gussets are used they 
should have considerable overlay, 
High density plywood angles now find 
preference because long lengths are 
readily sawed to desired size. They 
are lighter and stronger than either 
triangular or square blocks. Grain 
directions in blocks must be selected 
carefully. Gussets can be combined 
with other types of reinforcement, 

Compression loads on ribs or struts 
can be prevented from crushing à 
softer wood frame by plates of high 
density, such as compressed impreg. 
nated plywood. Metal angles can 
be substituted for the triangular 
blocks if the attachment must be 
stronger, but since bolts reduce the 
strength of the rib, this must be com. 
pensated in some manner. 


bl 
D 





High density plywood 


ers are used, they should be of ample 
size to prevent cutting into the wood. 
When there are two or more bolts ina 
group it is preferable to use a washer 
plate. 


Bo/t 


| center/ines 


Better Yet 


to prevent stress concentration, which 
is particularly important because pro 
portional limit and ultimate stren 
are so close together. 
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Appearance of sections through tubes that have been formed on their ends by the Hill 
spinning process is shown by typical parts that have been sawed through the spun section 


Tubular Parts Simplified 
By Tube Spinning Process 


Shaping and closing the ends of tubing by means of a new spinning 


process enables designing parts to be made in one instead of sev- 


eral pieces, and thereby often eliminating deep drawing, forging, 


tasting and machining operations. Simpler designs, faster produc- 


ton and lowered costs are the principal advantages. 


HAPING and closing the ends 
of tubing by means of a new 
spinning process developed by 
Wolverine Tube Division of Calumet 
ud Hecla Consolidated Copper Com- 
pany offers engineers the opportunity 
to design tubular parts and containers 
with greater simplicity and fewer 
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parts, thus increasing production 
speed and lowering costs. 

The new spinning process requires 
no special machines. Ordinary drill 
presses, lathes, turret lathes, bar ma- 
chines, or simple specially designed 
equipment can be employed. The 
only required elements are means of 


holding and feeding the tube. and 
means of holding and rotating the 
tool, which consists merely of a re- 
cessed die of the desired shape. The 
process works just as well if the 
tube is rotated and the die held sta- 
tionary. Also, the die may be fed 
while the tube is either rotating or 
stationary. Skilled workers are not 
required. 

Ten redesigns of parts now being 
made by the tube spinning process 
are illustrated in Figs. 1 to 10. These 
parts range from s in. to 3 in. in 
diameter. Although no larger diame- 
ter tubing has yet been formed by 
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Redesigned as a Spun Tube 


FIG. | 


Spun Tube Replaces Nozzle 
Welded to straight tube 
FIG.3 
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Two Operations Replace 9 Stamp. 
ing and Drawing Operations 
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Former Design Called for Two Pieces Lap Jointed and Soldered Designed to Be Made By Tube Spinning 


FIG.5 


Fig. 1—Formerly a screw machine product cut from solid 
85-15 brass rod by machining, drilling and tapping operations, 
this part is now produced by the Hill process 


Fig. 2—Less than a third of the operations involved in stamp- 
ing out this bulb are required when made by spinning a tube 


and upsetting 


Fig. 3—A single spun tube replaces a piece of drawn tubing 
flared and then welded to a straight piece of tubing 


spinning, it is believed that no diff 
culty would be experienced. Tubing 
smaller than x in. dia. has been spun 
successfully, The tubing may be 
seamed or seamless. 

Tubing material may be brass, 
copper, monel metal, steel, aluminum 
or magnesium, according to Walter 
P. Hill, who developed the method. 
Parts illustrated by line drawings 
are, with the exceptions of Figs. 3 
and 4, of copper and brasses. The 
exceptions are made of 3SO and 52S 
aluminum respectively. Figs. 1 and 
6 are 85-15 and 70-30 brass respec- 
tively. Material for Fig. 10 was 
originally steel but was changed to 
copper for the new design. Figs. 5 
and 6 were brass; are now copper. 
Figs. 2 and 8 are copper and Fig. 9 
is two-and-one brass. Fig. 9 has also 
been made of 10-20 steel, the end 
being sealed by welding. 

In Fig. 7 and 9 the tube ends are 
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FIG.7 


Fig. 4—A three-part nozzle consisting of straight tube, stamp 
ing and flared tube welded together are now made in one piece 


Fig. 5—Tubing with spun ends is an obvious improvement 
over two deep-drawn stampings soldered by older methods 


Fig. 6—Deep-drawn stampings are commonly produced by 


several stamping operations starting with a disk blank. Tub | 


completely closed in the final form 
of the part. Closures in copper al- 
loys and aluminum can be made in 
the spinning process without welding, 
brazing or soldering. Heat generated 
entirely by friction with the walls of 
the die raises the temperature of the 
metal during the operation, in some 
instances to 1,200 or 1,300 deg. F., 
in less than 1 sec. of time. The open- 
ing in the end of a tube can be re- 
duced to microscopic size, according 
to Mr. Hill, and will seal against air 
pressure. In some instances a small 
opening is left which is sealed with 
solder. The beads in Figs. 2 and 7 
are not produced by the spinning 
process but are formed in a punch 
press. 

An assembly is performed on Fig. 
10, which is a dryer tube filled with 
silica gel, before the ends are formed. 
The screen at one end is inserted 
before that end is formed, then the 


ing can now be closed on one end by spinning and forming 
to the desired shape 


tube is filled with the drying agent 
and the second screen inserted before 
forming the other end of the tube. 
The tube of older design was filled 
through a hole in the side wall, which 
then had to be closed or sealed in 
some manner. This tube and the one 
in Fig. 5 are made also in large 
sizes. 

There is no limit to maximum wall 
thickness. Limits are only on thi 
ness. It is possible to form a closur 
on a 2-in, tube with 0.016 in. walk 
Such a tube can be crushed in the 
hand. One of the advantages of the 
process is the ability to thicken 
upset the end. This may be carried « 
far as to make a solid rod out of tub 
ing, which is of course impractical. 
but shows what can be done in the die. 
Several of the sketched parts show 
this thickening, Figs. 7 and 9 per 
ticularly, and the reproduced photo- 
graph of parts that are cut away. 
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Redesign Using Spun Tubes 





FIG.8 










70-30 brass tube 













Dimensional tolerances on the spun 
ends of 15-in. O.D. tube, for example, 
can be held to plus or minus 0.002 in. 
This compares favorably with stand- 
ard tube mill practice. In some in- 
stances, even closer tolerances can be 
held. This aided in the production of 
such products as telescoping aerials 
for the Signal Corps. Tube ends can 
be controlled for telescoping fits re- 
quired in copper or silver brazing. 
The LD. and O.D. tolerance can be 
controlled at the same time by using 
à mandrel. 

. Metallurgically, the spun end por- 
tions of tubes are refined in grain 
structure and strain lines produced 
in tube drawing operations are re- 
lieved. This refinement is the result 
of the high temperatures caused by 
frictional contact with the die, the 
heat annealing or recrystallizing the 
grain structure. Closures of tubes may 
have a grain size of 0.010 mm., and 














Fig. 7—Four parts including a tube, tapped adapter sleeve, 
threaded cast nose, the latter two parts drilled and tapped 
for a special screw, are eliminated by closing the end of a 


Fig. 8—Spinning process offers new possibilities in heat ex- 
changer design using tubing only. In this instance two forg- 
ings, a disk, machining operations and two joints are eliminated 
thus reducing both production time and cost 


Fig. 9—Formerly closed by a screw machined plug screwed 
into the tapped end of the tube, which was then peened over, 
this tube is now closed by spinning 


FIG. 1) Tube End 






Fig. 10—Spinning both ends of a dryer tube to narrow necks 





their increased ductility permits form- 
ing operations such as shown in Fig. 6, 
after spinning. Metal on the end of 
welded steel tubing that has been fully 
closed, has been so refined that the 
weld metal is indistinguishable from 
the original strip material, it is said. 
A full-hard tube has been formed, with 
the end soft for forming and the 
side walls unaffected. 

While the process has been referred 
to as a spinning process, no fully de- 
scriptive name has been given to it. 
It has been defined as a process for 


hot forming by spinning without 
application of external heat. It de- 


pends upon controlled plastic defor- 
mation at a temperature developed by 
friction between the tube and a simple 
tool, one of which is rotating and the 
other stationary. 

The process is extremely fast. 
Closures on brass primer tubes can be 
made at the rate of 600 to 2,500 per 
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saved use of stamped ends hydrogen brazed to straight piece 
of tubing. Screen is placed before the spinning operation 


Fig. 11—Cross-section of typical dies employed in Hill process. 
Tapered mouth produces a red heat in a split second 


hr. depending on type of equipment. 
In no job attempted so far has the time 
exceeded 2 sec. per piece. Rate of 
production is governed by the speed 
with which the operator can chuck 
manually short cut lengths of tubing. 
Higher outputs would be possible 
with magazine feeds. 

A relief hole drilled at 45 deg. 
through the die and into the arch at 
the bottom of the die cavity, as shown 
in Fig. 11, allows the metal to expand 
slightly as it reaches the hole and 
then be ironed again as it rubs against 
the solid metal in the arch. It also 
removes excess metal or bumps, thus 
leaving the spun end of the tube 
smooth. 

Tool cost is almost negligible—a 
few dollars for a tool made of high- 
speed tool steel. Low-cost steels are 
usually as satisfactory as expensive 
hot-forming die steels for copper 
alloys and aluminum. 
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Commercial Tolerances for Springs 


HAROLD CARLSON 
Chief Engineer, Lee Spring Company 





Although many spring manufacturers have agreed to certain com- 


mercial tolerances, some do not hold to them. Others have printed 
different standards in their company publications and some manu- 
facturers of equipment using springs in their products have issued 
entirely different standards for the use of their engineers, designers 
and draftsmen. This article is an endeavor to end this confusion 
by presenting easily readable commercial tolerances in tabular 
form, based upon inherent variations caused by automatic spring 
coiling machines and manufacturing methods. Most of the toler- 
ances are similar to those originally agreed upon, but have been 
enlarged to cover more conditions. More specific explanations and 
interpretations than were shown in the original tolerances are 
included, and nearly all tolerances have been reduced to three 
decimal places for convenience of inspection purposes. 


NE of the most controversial 

problems of the spring in- 

dustry concerns commercial 
tolerances. This is because most 
designers are familiar with allow- 
ances and tolerances for turned shafts 
and other fitted members and attempt 
to apply those same tolerances to 
springs. Spring tolerances must be 
much larger than machined surface, 
casting or forging tolerances because 
of the unavoidable variations in wire 
size. Slight variations in wire diam- 
eters or in hardness of the wire cause 
a difference in the amount of “spring 
back” which occurs when wire is 
coiled. Wear on dies and tools used 
in automatic spring coilers should be 
considered as well. Some leeway on 
wire size, dimensions, and number of 
coils should always be given in order 
that springs may be made to meet 
the more important load and deflec- 
tion requirements. 

The solution of the problem of tol- 
erances is in many cases left to the 
judgment of the spring maker. A 
great many drawings and specifica- 
tions omit all reference to tolerances. 
In such cases, it is assumed that com- 
mercial tolerances are applicable or 
that the spring maker is familiar with 
the customer's usual requirements. If 
doubt exists regarding variations per- 
mitted, it is necessary quite frequently 
to obtain such information through 
correspondence, which causes delay 
and should be avoided as much as 
possible. Delays of this type may be 
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avoided by adding a note to the draw- 
ing or specification stating that com- 
mercial tolerances are acceptable, or 
by specifying the tolerances shown in 
the tables that follow. 

Even the commercial tolerances 
agreed upon by spring manufacturing 
companies require certain significant 
interpretations and in some instances 
it is necessary to devote additional 
time to the computation of tolerances 
which would be applicable. Much of 
this time can be saved by placing the 
required data in simplified tabular 
form and referring to it when neces- 
sary. Commercial tolerances are es- 
pecially significant if it is realized 
that any spring developed within the 
limits indicated in the tables may be 
produced at a reasonable commercial 
cost, and in a comparatively short 
manufacturing time, 

The commercial tolerance on all 
loads is 10 percent, specified as fol- 
lows: 

On compression springs: 

100 lb. + 10 percent at 4 in. 
compressed length. 

On extension springs: 

100 lb. —- 10 percent at 6 in. 
extended length inside of 
hooks. 

On torsion springs: 

100 in. lb. += 10 percent at 45 
deg. deflection; or 50 lb. + 10 
percent at 2 in. radius, at 45 
deg. deflection. 


Two loads with two deflections also 





may be specified but should þe 
avoided because the manufacturing 
and testing time increases consider. 
ably. Where a specific amount of 
initial tension is required in extension 
springs the amount should be speci. 
fied in pounds or ounces and the com. 
mercial tolerance to be applied is + 
15 percent. 

Reductions to these load tolerances 
add considerably to the cost of the 
springs and to the manufacturing 
time because individual testing and 
adjusting of each 
necessary. 

In the tables that follow it will be 
observed that the spring index, the 
ratio of the outside diameter of a 
spring divided by its wire diameter, 
is a primary controlling factor in 
determining most tolerances. This re- 
lationship is very important in spring 
design and manufacture., for with 
small ratios less wire is used and less 
“spring back” occurs so that smaller 
tolerances are applicable. The num- 
ber of coils per running inch of 
length, or the total number of coils, 
in a spring also affects tolerances, for 
with a large number of coils it is nec- 
essary to use larger tolerances. 

The diameter tolerances are based 
on the outside diameters of springs. 
If a drawing specifies the inside diam- 
eter as the more important of the two. 
the tolerance based on outside diam- 
eter applies and should be indicated 
on the dimension showing the inside 
diameter. 

When the spring index, outside di- 
ameter, re o.d., of a spring divided 
by the wire diameter, d, exceeds 12. 
larger tolerances than those listed 
herein are ordinarily required, but 
standards for springs of this type vary 
with each manufacturer and it is sug 
gested that for conditions not covered 
by these tables the advice of a reputa: 
ble spring maker be obtained. 

In a large majority of spring ap 
plications, extreme accuracy of length 
and diameters need not be closely 
held to precision tolerances. In such 
cases it is far better to eliminate tol 
erances completely and add “approx 
imate” on such dimensions or state 
“commercial tolerances are applica 
ble.” This would result in a reduction 
of manufacturing time, lower the cost 
and help to speed delivery. 


spring becomes 
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Table 1 — Commercial Tolerances on Outside Table II—Commercial Variation on Squareness 
Diameter for All Coil Springs of Grinding on End Coils (for compression 
springs only) 





Plus or Minus Tolerance on O.D. 





Spring Index (O.D. + d) Maximum Variation in Degrees 
sath Number of Coils per From Squareness to Axis 
Inch of Length 


Outside Diameter, in. 









Up to 7 1 to 11 
(Small) | (Average) 


11 to 13 


(Large) Spring Index (O.D. + d) 





il ength + = of Coils) t1n4,7 1 7 : 

BR beue 0.002 | 0.003 | 0.001 er OLD luum nde 

Et A, ino........ 0.003 0.004 0.006 Mp EE um E 

Dur d to 14, inc. ....... 0.004 0.006 0.008 Uste T, id... ; i = 

Over 4 to 34, inc. ...... 0.006 0.008 0.010 Uns tiia .. 4 5 6 

Over 3s to 14, inc........ 0.008 0.010 0.012 Over 12 to 17, inc. ........ 5 6 1 

Over 15 to 34, inc........ 0.010 0.012 0.015 OiT E eA EM 6 7 g 

Over 34 to l. inc E dva. 0.012 0.015 0.022 ————————————— 
Over ] to 115, inc. . .... 0.015 0.022 0.031 l. These variations in degrees may be reduced 50 percent by 
Qver 1154 to 2 in.......... 0.022 0.031 0.017 individually grinding, measuring, testing and sorting the 
Over 2 to 3, imc.......... 0.047 0.062 0.094 springs, but this increases production time and cost. 

Qver 3 to f, inc... ...... 0.062 0.094 0.125 2. Grinding end coils of springs made from wire under 0.025 
Over 4 to 5, inc.......... 0.094 0.125 0.156 in. dia. is usually unnecessary and frequently is expensive. 
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Table 111—Commercial Tolerances on Length for Compression Springs 
With Ground Ends and for Accurately Made Extension Springs 






Plus or Minus Tolerance 
on Length, in. Length 
Length of 







Plus or Minus Tolerance 
on Length, in. 

































of Total Number Spring Index (O.D.+ d) Spring, Total Number Spring Index (O.D.+ d) 
Spring, of Coils = i in. of Coils . " 
in. Up to 7 | 7 to 11 [11 to 12 Up to 7 | 7 to 11 | 11 to 12 
(small) [|(average)| (large) (large) 


(small) | (average) 
















































Up to 4, inc.......| 0.007 .011 0.015 Over 6 | Up to35, inc. .... 0.070 0.105 0.110 

Upto 34, | Over 4 to 7, inc. ..| 0.011 0.015 0.018 to 8, Over 35 to 70, inc..| 0.105 0.110 0.175 
inc. Over 7 to 11, inc...| 0.015 0.018 0.022 inc. Over 70 to 100, inc.| 0.110 0.175 0.210 
DNE XE ENE 0.018 0.022 0.026 Dur 20 i vind xne 175 0.210 0.215 













































































































sanies humanan hanasu dxnmmmanienn 
Over 344 | Up to 5, ine...... 0.010 0.020 Over 8 | Up to 45, inc..... 0.090 0.135 0.180 
to 115, | Over 5 to 10, inc. .| 0.015 0.025 to 10, Over 15 to 90, inc..| 0.135 0.180 0.225 
inc. Over 10 to 15, inc.| 0.020 0.030 inc. Over 90 to 135, ine.| 0.180 0.225 0.270 
CONGR BG ik cic dissec 0.025 0.035 UNE EE eres e 0.225 0. 0.315 
Over 115 | Up to 10, inc..... 0.020 .030 0.040 Over 10] Up to 60, ine..... 0.120 0. 0.210 
to 215, | Over 10 to 20, inc..| 0.030 .010 0.050 to 1t, | Over 60 to 120, inc.| 0.180 6. 0.300 
inc. Over 20 to 30, inc..| 0.040 .050 0.060 inc. Over 120 to 180. inc.| 0.210 0. 0.360 
UÜUver JU Lecco o es 0.050 . 060 0.070 Over E. ever se 0.300 0. 0.420 
Over 215 | Up to 15, inc......| 0.030 0.045 0.060 Over 14 | Up to 80, inc,.... 0.160 0.2 0.320 
to315, | Over 15 to 30, inc..| 0.015 0.060 0.075 to 18, Over 80 to 160, inc.| 0.210 0.: 0.400 
inc. Over 30 to 15, inc..| 0.060 0.075 0.090 inc. Over 160 to 210, inc.|. 0.320 0 0.180 
UNE AU LL LLvevess3 0.075 0.090 0.105 0 LL LL eve. 0.400 0. 0.560 






























































































Over 315 | Up to 20, inc...... 0.040 0 .060 0.080 Over 18 | Up to 100, inc. ...| 0.200 0.300 0. 100 
to 415, | Over 20 to 10, inc..| 0.060 0.080 0.100 to 22, | Over 100 to 200, inc.|] 0.300 0. 100 0.500 
inc. Over 40 to 60, inc..| 0.080 0.100 0.120 inc. Over 200 to 300, inc.| 0. 100 0.500 0.600 
UNE OU iua sess 0.100 0.120 0.110 UNO, ANNE 6 kee ear 0.500 0.600 0.700 

Over 415 | Up to 25, inc. .... 0.050 0.075 0.100 Over 22 | Up to 125, inc. ...| 0.250 0.375 0.500 
to 6, Over 25 to 50, inc..| 0.075 0.100 0.125 to 28, Over 125 to 250, inc.| 0.375 0.509 0.625 
inc. Over 50 to 75, inc..] 0.100 0.125 0.150 inc. Over250 to 375, inc.| 0.500 0.625 0.750 
ONE TO. cess sss 0.125 0.150 0.175 DF Le cds 0.625 0.750 0.875 




















l. These tolerances may be reduced 50 percent by individually that do not have ground ends and for the usual run of com- 


grinding, measuring, testing and sorting the springs, but mercial extension springs. 
9 this procedure increases production time and cost. 3. The valves in italics are standard when the wire diameter or 
2. These tolerances should be doubled for compression springs number of coils is not predetermined, or where there is doubt. 
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Table IV— Commercial Tolerances on Wire 
Diameters 











Plus or Minus Tolerance 
on Wire Diameter 


Music Wire | All Other 
0.0002 0.00025 Total Number of Coils 


Table V—Commercial Tolerances on Number 


of Coils 





Wire Diameter, in. 















Tolerance, 


Up to 0.020, inc 





















ZI Plus or Minus 
Over 0.020 to 0.010, inc. ... 0.0003 0.0005 
Over 0.040 to 0.060, inc..... 0.0005 0.00075 Up to 4, inc... ae L4 coil 
Üver 0.060 to 0.080, inc...... 0.0008 0.001 Ovord io 8 Ine. .......7.... . 15 coil 
Over 0.080 to 0.1 T1 JENA... 0.001 0.0015 Over 8 to 15, ine.. P3 Ud M 34 coil 
Over 0.177 to 0.375, inc.... oa cars 0.002 Over 15 to 25, inc l coil 
Over 0.375........ ‘ . 003 Over 25. 
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orrosion Causes and Remedies 
In Fine Wire Magnet Coils 


B. W. ERIKSON 


Industrial Control Engineering Department 


General Electric Company 


An analysis of the mechanics of failures caused by moisture in fine 


wire magnet coils, with a description of when and where corrosion 


occurs. Included also is a discussion of some possible and prospective 


remedies for eliminating corrosion troubles. Characteristics of typical 


insulation materials are also enumerated. 


ENERAL experience over a 
number of years has proved 
that relay and contactor open- 

circuit coil failures are caused by the 
effects of moisture at least 75 percent 
of the time. This is particularly true 
of small devices and those subject to 
only periodic service as contrasted with 
continuous operation. 

Through a recognition of the destruc- 
tive effects of moisture on an insula- 
tion system, necessary precautions can 
be taken in the early design stages to 
build in moisture and corrosion resist- 
ance where it will do the most good. 
By continual mention of these facts, 
the author hopes that no coil design 
will ever again be made which does 
not have adequate provision against 
moisture corrosion, at least where fine 
wires are involved. 

Aggravating the problem is the fact 
that today designers are striving for 
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small relay designs to operate at volt- 
ages up to 600 volts and often in am- 
bient temperatures of 100 deg. C. Volt- 
age rating is often a dominating factor, 
because the higher the voltage the 
smaller is the proper wire diameter 
required on the coil. 

Coils for voltages above 24 volts are 
often made of extremely fine wires, 
frequently 3, 2 or even 1 mil in bare 
diameter. It is for this reason that cor- 
rosive factors assume such importance. 
Obviously, the small diameter copper 
wire will corrode off much faster than 
the larger diameter wire used in coils 
for larger designs. 

Open circuit coil failures caused by 
moisture-initiated copper-electrolysis 
account for the majority of service in- 
terruptions. Such copper corrosion is 
usually the result of direct electrolysis 
or current leakage through the insula- 
tion. This leakage is made possible and 


accelerated by water soluble chemical 
salts in the insulation materials or br 
free acids which may generate in th 
insulation through the reactions of the 
electro-chemical changes taking plac 
in service. The free acids, where thes 
occur, are usually derived from organi 
decomposition of vegetable or anima 
gums used as stickers on various pi 
pers and tapes. Corrosion as a result o 
either of these causes shows up as: 
greenish salt deposit (copper soap: 
on the wire itself and on the surround: 
ing insulation. Examples of the form: 
tion of these deposits are illustrated 
in Figs. 1, 2 and 3. In other words 
where a greenish discoloration of wit 
or insulation is evident, moisture is tht 
primary cause. 

The slight corrosiveness of so callé 
corrosion-proof soldering fluxes, a 
the negligible amounts of chemical in 
purities common in insulation materia: 
such as cellulose base papers or tape 
is all that is needed to produce ope 
circuits in a short period of time, often 
measured in days. This statement ! 
true for coils on either a.c. or d.c. 0t 
cuits with the distinction that: 


1. Corrosion may take place on boti 
a.c. and d.c. in the presence of moisturè 
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when the coils are not energized if the 
insulation contains free acids. 

9, Corrosion seldom occurs on a.c. 
or d.c. coils it these are continuously 
energized. The heating incident to op- 
eration keeps the coil dry. 

3 Corrosion is particularly violent 
an d.c. when the coil is subject to mois- 
wre and connected to a positive d.c. 
potential with no current flowing 
through the coil. In this case, it is d.c. 
leakage io ground and subsequent elec- 
trolytic action made possible by free 
"m obtained from the insulating ma- 





intermediate 


Fina/ 


terials used. which in time completely 
decomposes the positive coil wires. If 
connected to negative potential, no cor- 
’ rosion will take place. 
mica 4. Corrosion and breakage of the 
ot bY BH coil wires also occur on d.c. coils inter- 
n the mittently energized, which in the “off” 
f the period moisture is absorbed. This is 
place followed by terminal-to-terminal leak- 
thee È age during the period before the heat 





gan’ @ of the coil drives off the moisture con- 
n? M tent. This process if repeated a few 
S P M times, dependent on humidity of sur- 
ilt o roundings and time of exposure, soon 
853 f results in an open circuit. 
aps It has repeatedly been demonstrated 
und: that length of time of exposure to mois- 
mm? É ture with the coil de-energized is far 
rai’ more deadly to its life than are much 
oris higher moisture exposures for short 
.WI* |. periods or with the coil energized. 
is tr Also, failures occur at a rate which 
, M Increases rapidly with increases in per- 
allei centage moisture, other conditions re- 
am Bf maining constant. Many coils that on 
| mg tests at 90 percent humidity last almost 
rial: indefinitely, will fail within a few days 
P^ uf on a change to 95 percent humidity. At 
ope’ $ 100 percent, the rate of failure again 
often increases very sharply. 
y^ Some observations of a test will bear 


out these statements. A group of 20 
| coils designed for 95 percent humidity, 
boh f had been on test for 14 days with but 
sut f one failure, at which time the humidity 
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was increased to 100 percent. In the 
following three days, all coils failed. 
These coils were tested on a schedule of 
2 hr. “on”, 10 hr. “off”. Again, coils 
which will normally stand a 2 hr. “on”, 
10 hr. “off” daily cycle at 100 percent 


humidity for 10 to 30 days often fail in 
| or 5 days at 100 percent humidity 
with potential to ground only and no 
current flowing through coil. This latter 
condition is, therefore, by far the most 
serious if encountered in actual prac- 
tice, and should be avoided. 

In the design of coils suitable for 







































service under severe moisture conditions 
as outlined, often complicated by the 
addition of maximum total operating 
temperatures as high as 150 deg. C., 
only a few materials will do. Subject to 
some modifications, the materials briefly 
are mica, asphalt, cellulose acetates and 
glass products not coated with corrosive 
lubricants. Figs. 4 and 5 illustrate a 
few types of spun glass and cellulose 
acetate spools. Most glass yarns and 
tapes, as well as cellulose acetate yarns, 
are corrosive because of the oil applied 
in the spinning, consequently they 
should be used with caution. 

In addition, there are several syn- 
thetics that are strictly non-corrosive, 
notably the nylons. It is from these 


fields of future synthetic developments 
that considerable help may be expected 
in the next few years. Much research is 
being done along these and other lines 
by several nationally known chemical 
companies working in cooperation with 
electrical manufacturers. Progress is 
cefinitely in the making. Certainly, it 





Fig. 1—Laboratory sample coil showing 
three stages of corrosion. Fig. 2—Micro- 
photo of fine copper wire coil in different 
stages of corrosion. Worst corrosion is 
evident in wires at center of test coil 
where potential difference and current 
leakage is greatest. Fig. 3—Enlargement 
of portion encircled in Fig. 2 
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FIG. 4 


FIG. 5 





FIG. 6 


Fig. 4—Spun glass spool. Fragile, requires large dimensional tolerances but strictly 


non-corrosive. Fig. 5 


Cellulose acetate injection molded spool, limited to about 100 


deg. C. applications. Corrosion free. Fig. 6—Phenolic compound molded spool 





FIG. 7 

















FIG. 9 


Fig. 7—Completely acetate insulated coil 
wound on injection molded cellulose ace- 
tate spool body, non-corrosive. Fig. 8 

Acetate insulated coil on pressure molded 
phenolic compound. Corrosion resistant, 
but not corrosion proof. Fig. 9—Conven- 
tional paper layer wound small relay coil 
made with common corrosive materials. 
Not good in humid applications 


is known that the natural insulating 
materials available today cannot be used 
for  corrosion-free, high-temperature 
coil structures at reasonable costs. 
Without satisfactorily solving the cost 
angle, there will be no real gains. 

At present there is in use only one 
type of design which may be classed as 
corrosion-free, this is the so called 
“acetate” construction. These are coils 
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fabricated chiefly from cellulose acetate 
and may consist of injection-molded 
acetate spools like those shown in Figs. 
5 and 7, with a cover of sheet acetate. 
Another construction would consist of 
a phenolic molded compound spool 
completely insulated with cellulose ace- 
tate sheet and washers and covered with 
acetate cement, like that shown in Fig. 
8. Still another way would be to use 
coils which are layer wound similar to 
the paper layer method, but which em- 
ploy acetate sheet material throughout. 
Fig. 9 shows such a construction. 

It should be noted that all common 
insulation materials such as papers, 
tapes, string, including glass string, 
twines, varnished cambric, molded ma- 
terials (with the possible exception of 
so-called ammonia-free compounds), 
fibre, and practically all commercially 














































Fig. 10—Large conventional contactor coil made with a minimum of corrosi 
rials. Insulated with mica and impregnated with an asphaltic compound 





trademarked insulations. unless of ,, 
lulose acetate or other svnthetic e 
positions, are corrosive. Es E 
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pieces of any of these materials ih» 






otherwise corrosion-free coil is eno 
to cause failure. 1 

What is needed in addition tọ 4, 
acetates, mica, and asphalts (Fig | 
shows asphalt treated coil) to simpl; 
designs is a new material that jg po. 








corrosive, non-thermoplastic up to jy 
deg. C. or higher (acetate at this te. 
perature is quite soft and gradual 
shrinks and hardens). non-shrinkin 
and not subject to accelerated aging 
any of its characteristics at 150 deg ( 
It should further be available in shes 
form, flexible, easily punched, cut aj 
formed, and if possible, soluble to; 
non-corrosive, quick-setting solvent » 
sticker and suitable for molding, 
Pending the arrival of such a “cue 
all" material, coil designers should 
continualiy on the watch íor impro. 
ments and also censtantly testing exi. 
ing materials. Even with what is aij. 
able a good job can be done provide) 
moisture-consciousness is maintained 
from the beginning of the design ani 
the coil engineer is allowed a free hani 
in the selection of suitable material: 
The trutn of this becomes evident when 























considering the relative perfection o $ Us 
design and lack of failures arrived a a 
on large-production contactor coils like 
the one shown in Fig. 10, as well « of 
solenoid and brake coils manufacturi $ sti 
for industrial control purposes and usei $ þe 
under severe operating conditions. 
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York Ice Machinery Corp. 


Crankshafts ranging from 3 to 1300 lb. have been changed to high-strength cast iron. 
Large shaft is 8 ft. 6 in. long. One of the small shafts is forged, the other cast 


Iron Castings Replace Forgings 
For Highly Stressed Parts 


Use of high-strength cast iron to replace forged steel in machine 


and engine parts is meeting with success in an increasing number 


of applications. 


Although limitations of forging facilities has 


stimulated this trend, the indications are that most changes will 


be permanent. Some of these design changes, including crank- 
shafts and connecting rods, are described and illustrated. 


SE of any kind of cast iron in 
machine members that are 
highly stressed would not have 

been considered a few years ago un- 
der any circumstances. Improvements 
in the technique of producing castings 
s that they are sound and homogene- 
ous have done much to change the 
quality and dependability of cast iron. 
The best grades now are much more 
highly regarded among design engi- 
neers. Perhaps only a small percent 
of the cast iron produced need be of 
this high quality but the significance 
of this small percent is great. 

Evidence of the importance of high- 
quality, high-strength cast iron can 
be found in recent changes of mate- 
tials stimulated by priorities and 
shortages of the materials customarily 
used in highly stressed parts. Such 
changes had, of course, been tried out 
experimentally at least, before the 
past year’s urgency speeded up and 
multiplied them. Up to that time the 
human tendency to let well enough 
alone previously designed machines or 
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parts that were operating satisfac- 
torily more nearly balanced competi- 
tive designing for low cost production. 
New materials were tried out with 
great caution when there was much at 
stake. 

The actual dependence that can be 
put in high-strength cast iron, such as 
Meehanite and Proferall, is well illus- 
trated by their successful use in crank- 
shafts and connecting rods. Cooper- 
Bessemer Corporation, for example, is 
using Meehanite interchangeably with 
forged steel for its 914-in. dia. crank- 
shaft in its two-cycle gas-engine-driven 
Type GMV compressor units. York 
Ice Machinery Corporation has 
changed over nearly its whole line of 
compressors to cast iron crankshafts 
and has had three years of experience 
to show the wisdom of this decision. 
While many materials changes were 
precipitated by the war, these are by 
no means to be considered as tempor- 
ary substitutions. There has been 
enough experience now to show that 
the change from steel forgings to cast 


iron has enough advantages, both in 
economy and flexibility of design, that 
there will be no return to forgings 
even when they can be obtained read- 
ily. Neither firm has had a single fail- 
ure of a cast iron crankshaft. There 
are a large number of York machines 
so equipped in service. 

The shaft material used by Cooper- 
Bessemer is Meehanite M50(A) with 
slight compositional changes. York 
uses both Proferall and Meehanite. 
The former, as used in York crank- 
shafts, has a tensile strength of 55,000 
lb. per sq. in. and the Brinell hardness 
is specified from 250 to 325. In a 
laboratory fatigue test using selected 
shafts as test specimens, it would be 
found that the steel shaft has a longer 
life than the cast iron shaft. However, 
under actual production conditions, 
there is reason to believe that the 
higher theoretical fatigue strength of 
the steel may not be fully obtainable. 
No matter how carefully the machin- 
ing job is done, there may be a scratch 
or tool mark on the finished surface 
that is slight enough or located so as 
to be unimportant dimensionally on 
the finished shaft but has a notch ef- 
fect that causes stress concentration. 
Cast iron is less notch sensitive than 
steel so that any deviation from per- 
fection in machining will nọt affect 
the cast iron shaft as it will the steel 
shaft. In this way the maximum 
fatigue life of the cast iron may well 
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York Ice Machinery Cory 


These interchangeable Meehanite and die forged crankshafts may be distinguished by slight thickening of the web section of the 


cast shaft. Surfaces of the unmachined portions of the shafts are about equally good 


be counted on, while it would be wise 
to use a factor of safety with respect 
to that of the steel shaft. 

A further important consideration 
in the selection of cast iron in crank- 
shafts or other stressed members is 
that cast iron dampens vibration much 
more than steel. Since fatigue results 
from vibration and stress reversals, 


the importance of damping properties 
of cast iron in reducing fatigue is 
evident. The less expense and diffi 
culty in altering a pattern than a forg- 
ing die when design changes become 
desirable are important considerations 
also. 

Design changes in the group of 
crankshafts and other parts that are 


described in this article are in generi 
a thickening of section, and in all ip. 
stances the cast iron parts are inter 
changeable with the forged steel parts 
that they replaced. However, this may 
not always be possible in making such 
changes. The accompanying illustra 
tions show where the changes wer 
made in design of parts. 


Typical Shafts and Parts Changed to Cast Iron 





Pattern drawing of another com- 
pressor shaft used in refrigeration 
compressor service shows the design 
changes made to adapt a cast iron 
crankshaft to take the load formerly 
carried by a die forged crankshaft. 
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The two crankshafts are interchange- 
able and thickening of section A-A is 
the only significant dimension change. 

The material is specified to have “a 
minimum tensile strength of 55,000 
lb. per sq. in. and a Brinell hardness 


Section A-A 


of 255 to 321. Casting to be clean and 
absolutely free from scale. Stress 
lieved.” The forged steel was a 0.4 
carbon steel with heat-treatment Y* 
ried according to the size of the piece 
Tensile strength was 85,000 minimum. 
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The 9!5-in. dia.. 12-ft. crank- 
shaft on the two-cycle gas-engine- 
driven Type GMV compressor units is 
a gradual development worked out by 
the Cooper-Bessemer foundry and en- 
gneering department. At present it is 
cast in two parts, flanged and bolted 
together. This made it unnecessary to 
install larger foundry equipment to 
accommodate shafts over 9 or 10 ft. 
long. A two-part shaft is practical on 
this particular engine because, being 








Cast Iron Crankshaft 


/ 
Hole for counter- 
weight: bolt 


designed primarily for compressor 
service, it has exceptionally wide cyl- 
inder centers. 

One of the main advantages of the 
cast iron shafts is that their webs are 
not machined, while on large forged 
shafts it is usually necessary to ma- 
chine all over. Use of the cast shafts, 
therefore, saves much milling time. 
The same tolerances are specified on 
the finished surfaces. No noticeable 
difference has been noted in wear or 


Section A-A 


Vappeo! hole for 
counterweight stud 





Section A-A 


lubrication of the connecting rod bear- 
ing. Before putting these shafts in gas 
engine service a long test run was 
made in diesel engine operation, which 
put on the shaft a load almost double 
that which it would normally carry. 
The shaft took this punishment with- 
out damage. Cost of the Meehanite 
crankshafts is 20 to 30 percent less 
than the forged steel shafts. which 
makes the change an important saving 
and relief now to forging facilities. 


Main bearing shell was changed 
from forged or rolled steel to cast 
Meehanite for an entirely different 
reason. There were no changes in its 
proportions because the shell is al- 
ways under compression and is well 
supported. Inability to obtain a satis- 
factory bond between babbitt and cast 
iron has often prevented the use of 
cast iron where such bonds are re- 
quired. Cooper-Bessemer is getting a 
satisfactory bond between high lead 
babbitts, as well as tin babbitts, and 
cast iron by using the Kolene process, 
without machined anchoring grooves. 
EpiroR's NorE—For more information 
on the Kolene process see "What's 
Coming" on the contents page. 
(continued on next page) 
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Crosshead on the Cooper-Bessemer 
GMV compressor is another part in 
which Meehanite cast iron has re- 
placed cast steel. One of the principal 
design changes is the addition of a 
tension bolt and a strut that tie the 
two side walls together and reduce 
any tendency toward buckling. The 
side walls are reinforced by 214 x 7%- 
in. flanges encircling the cross-head 
pin. Both of these changes are indi- 
cated by lines superimposed on the 
reproduced photograph approximately 
to scale. The diameter of the end hold- 





4 
AOQedo s?ri 


ver Tens 


A 
connecting rod 


added on 


ing the scavenging piston was increased 


from 6%4 to 814 in. and similar thick- 
ening was made throughout. Both 
cast iron and newer cast steel cross- 
heads have two symmetrically placed 
ribs instead of one on the sides, as 
shown. 


Sample crossheads were tested to 
destruction in the Ohio State Univer- 
sity testing laboratory. R. L. Boyer, 
chief engineer of Cooper-Bessemer, 
Mt. Vernon plant, and his engineering 
staff were gratified to find slightly 
greater strength than their calcula- 



















































































244% 7% in. reinforcing flanges 
each side wall 
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tions indicated when it was designed, 

The master connecting rod, which 
is shown with the crosshead, is made 
of cast steel. The design of this rod 
is obviously next to impossible to pro- 
duce as a steel forging, as such rods 
are customarily made. Cast steel was 
decided upon at the time the engine 
was designed, before the war, and i 
also a good example of the depend. 
ability of castings when properly pre 
duced. 

After being submitted to steel foun- 
dry engineers, who made certain modi- 
fications and recommendations for 
casting purposes, the rod was cast and 
cut into small sections to be analyzed 
from the foundry angle to insure 
sound castings. The elimination of 
defective castings in modern foundry 
practice is believed sufficient proof 
that correctly designed and produced 
steel castings are suitable for certain 
applications where steel forgings have 
been considered essential for reasons 
of superior strength. This red is 34 in. 
between crankpin and crosshead pit 
centers and slightly over 4 ft. long. 


These bars take a tension load in 
holding together the engine base 
which is of jaw construction. They 
were originally of cold rolled steel but 
have now been replaced by Meehan- 
ite cast iron. Both old and new bars 
are shown. The casi bars’ proportions 
were increased around the major bolt 
ing holes and the bar width was i 
creased about 3 percent. 
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Durez Plastics € Chemicals, Ine. 


Low power factor and arc resistance are important design considerations for these typical compression molded electrical parts 


An Aid to Selecting Plastics 
For Electrical Applications 


Dielectric strength, power factor, loss factor and insulation resist- 


ance are affected by temperature and humidity conditions which 


must also be considered when evaluating the various plastics ma- 


terials for electrical applications. 


This article gives a quick 


comparative performance picture of the various types of plastics 


used in electrical design. 


DOPTION of plastics to elec- 
trical designs has been consid- 
erably accelerated by the de- 

velopment of new improved molding 
materials with electrical 
properties. Among these may be men- 
tioned phenolics with special fillers, 
melamine-formaldehyde. polystyrene, 
ethyl cellulose and vinyl copolymers. 


superior 


March, 1943 


Naturally the choice of the right 
material for a given application will 
be reached through a series of com- 
promises. This is true of the selection 
of any constructional material, but is 
particularly true for plastics. Thus the 
engineer must not only investigate 
physical and electrical characteristics; 
he must also study design limitations, 


production methods and cost. The 
physical and electrical characteristics 
will determine whether the material 
will withstand the required operating 
conditions. Design limitations relate to 
some extent to physical properties but 
they will depend to a degree on the 
production method which might be 
used, which in turn is selected on the 
basis of the cost of molds and tools, 
quantity of parts to be made and sim- 
ilar considerations. Thus the plastic 
material is evaluated in relation to 
both its adaptability and the total cost 
relative to that of other materials. 
Many factors affect the properties 
of molded plastics; the method of com- 
pounding, types of fillers used, cure, 
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Table I—Dielectric Constants 


Material 

Phenol formaldehyde 

wood flour filler 

fabric filler 

mineral filler... . 
Phenol furfural. . 
Cast phenolic. 
Urea formaldehyde 
Melamine-formaldehyde 
Polystrene. . . 
Cellulose acetate 
Methyl methacrylate 
Ethyl cellulose 
Vinyl co-polmyer. . 
Vinylidene chloride 


Coaxial cable beads molded of polystyrene. 
low power factor and high moisture resistance of polystyrene are advantageous 


ambient temperature and humidity. 
Those that principally affect electrical 
properties are types of fillers used. 
ambient and humidity 
conditions, The data presented in this 


temperature 


article are of value principally on a 
relative basis for a given property. The 
values were obtained for the most part 


under standard A.S.T.M. test condi- 
tions. It cannot be assumed that a 
material which under standard test 


shows a dielectric strength of 250 volts 
per mil will show that same dielectric 
strength for a different thickness under 


different conditions of temperature 


and humidity. Comparative presenta- 
tion does show for what property each 
material is best, and what compromise 
may be necessary. Hard and fast rules 
cannot be set down. 

A good fundamental rule, after first 
studying a plastic material for possible 
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Dielectric Constant at Frequency of 


"-—"'o' gt 


Os t2 0i Z7 2 


10° cycles 10° cycles 





12 t 3 1.5—8 
LO 1.5—6 1£.5—6 
20 1.5—20 1.5—20 
6—7.95 
7 2—1 
8.6 6.6—7.7 
9 
2.9 2.2 
6.1 3.5—6.1 3.2—6.2 
3.1 3—3.5 2.8—3.3 
2.1—3.5 2.0—3.0 
3.6 3.2—3.4 3.0—3.4 
5 3—5 3—35 











































































































Monsanto Chemical Co. 
In such applications the extremely 


inclusion in the design. is to get full 
information on that material from the 
manufacturer with particular refer- 
ence to what test procedures were used 
by his laboratory to determine physi- 
cal. chemical, thermal and electrical 
values. A..», consultation with an ex- 
perienced molder before final design 
prints are made will repay the engi- 
neer in many ways. The molder knows 
how various materials will behave 
fabrication and whether it is 
economically feasible to use the de- 
sired fabrication process. Further. he 
may be in a position to suggest slight 
changes in design that will speed pro- 
duction and may reduce cost. 
Electrical properties of plastics in 
service depend to a great extent upon 
proper design, operating temperatures 
and conditions of humidity. Many 
times it will be possible by proper de- 


under 





sign to obtain better electrical] per 
formance of the part. Hig) tempen. 
ture adversely — affects — elect, 
properties. For example dielectr; 
constants change considerably wi 
rise in temperature. Moisture also ji 
electrical properties: dielectr; 
constants and power factor usually jp 
crease in proportion to the amount ; 
water absorbed. Water absorption , 
some of the plastic materials may, 


fects 


some extent, reduce surface resistiyin 
and cause service failure. 
Six characteristics — are — usug]) 


studied before specifying a plastic my, 
terial for an application where ele 
trical are of paramoun 
importance. These are dielectric con 
stant, dielectric strength, power factor 
loss factor, insulation resistance and 
arc resistance. For each of thes 
standard A.S.T.M. test 
have been devised. 
Dielectric constant, or ratio of the 
capacity of a condenser with a given 
dielectric to its capacity with air a 
the dielectric, is usually measured a 
60 cycles. 10° cycles, and 10° cycles 
These constants are of particular in. 
portance in radio circuits. In Table | 
they are set up for comparative analy. 


properties 


procedures 





Table Il—Dielectric 
of Plastics 


Short time test on 1/8-in. sample in 
volts per mil. 


Strength 


; Dielectric 
Strength at 
10° cps 
in volts 
per mil. 


—— 


Material 





Phenol formaldehyde 


wood flour filler. 300—500 


mineral filler. ... 250—400 
Phenol furfural...... 415—600 
Cast phenolic 350—450 
Urea formaldehyde. 650—120 
Melamine-formaldehyde.| 340 


500—700 
300—600 


Polystyrene. . 
Cellulose acetate. 


Methyl methacrylate 500 — 
Vinyl co-polymer.... 100—500 
Vinylidene chloride 500 


SR iÀ—— A ÓÀÓÀÀ mtn 


sis; the values given are based: 
manufacturer's literature. 
Dielectric strength, or the maximun 
voltage that a material will withstand 
before puncture, divided by the thick 
ness of the material, is expressed i 
volts per mil. Two factors serious! 
affect this measure: the rate of voltag 
increase and the thickness of the mate 
rial under test. Three methods of lest 
ing are approved and have been stant 
ardized by the A.S.T.M. These are 
short-time test, step-by-step method 
and endurance test. Of these, the 
easiest to apply and the most com 
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Table III—Power Factor 


Power Factor at Frequency of 


60 cycles 
per sec. 


Material 


__ 
henol formaldehyde 
" wood flour filled... 
fabric filled 
mineral filled . . . . 
Phenol furfural 
Cast phenolic......... 
Laminated phenolic 
aper base. . 
abric base. at 
Urea formaldehyde... . 
Melamine- 
formaldehyde . . . 
Polystyrene. ..... 
Cellulose acetate 
Methyl methacr ylate 
Ethyl cellulose. . 
Vinyl co-polymer.... 
Vinylidene chloride . . . . 


0.01—0.30 
0.08—0.30 
0.10—0.30 
0.1—0.02 

0.10—0.15 


0.04— 0.06 


0.15—0.17 
0001—0 . 0003 
0.01—0. 06 
0.05—0.07 
0.007 

0.01 
0.03—0.08 


Table IV—Water Absorption 


Percent Water 
Absorption 
in 24 Hours 


Material 


Phenol formaldehyde 

wood flour filled... . 

fabric filled.. 

mineral filled 
Cast phenolic. . 
Laminated phenolic 

paper base........ 

glass fabric base... 0.3—0.: 
Urea formaldehyde 1.0—3.! 
Melamine-formaldehyde.| 0.08—0.: 
Polystyrene 0.0 
Cellulose acetate 1.2—6. 
Methyl methacrylate... 0.4—0.: 
Ethyl cellulose......... 1.0—1.: 
Vinyl co-polymer 0.05—0.1: 
Vinylidene chloride 0.0 


monly used is the short-time test, 
where increasing voltage is applied at 
the rate of 0.5 kilovolts increase per 
sec. until puncture occurs. Material 
thickness is measured at point of fail- 
ure. Dielectric strength is a function 
of temperature; the higher the tem- 
perature the lower the dielectric 
strength. With laminated plastics, tests 
parallel to laminations give lower di- 
electric strength. As frequencies in- 


10° cycles 
per sec. 


105 cycles 
per sec. 


0.01—0.1: 
0.08—9.: 


l 0.03—0. 
2 
0.10—0. 1: 
l 
l 


0.04—0. 
0.005—0 
0.005—0. 

0.04—0. 


0.10—0. 
0.04—0. 


0.02—0.08 
0.02—0.08 
0.027—0.03 


.0001—0. 0003 
0.01—0.06 
0.06—0.07 
0.005—0.025 
0.01 
0.03—0,15 


0 0001—0.0003 
0.01—0.05 
0.015—0.03 
0.007—0.03 
0.01 
0.03—0.05 


crease. dielectric strength decreases. 

Other factors that influence dielec- 
tric strength are fillers (mica-filled 
phenolics are high, graphite-filled 
low), manufacturing variables, ex- 
posure of material to high humidity. 
Table II shows the approximate dielec- 
tric strengths available in materials 
customarily considered for electrical 
applications, 

Power factor, or ratio of power loss 
in watts to the voltage-amperes 
through a capacitor in which the mate- 
rial is the dielectric, is important in 
the design of radio frequency insu- 
lators. Moisture absorbing character- 
istics of the materials are important, 
as the power factor may change with 
absorption of water. For this reason, 
polystyrene has attained wide accept- 
ance in the electrical field; its mois- 
ture absorption is practically zero. 

Phenolic materials of the “low-loss” 
type have mica-fillers and are carefully 
dehydrated, but they cannot compare 
with the polystyrene which has a 
power factor of 0.001 at 60 cycles. 
Ethyl cellulose shows up well in this 
test, and is reported with a power 
factor of 0.0007 at 60 cycles. 

Loss factor, or the product of power 


factor and dielectric constant may be 
of help in comparing materials, since it 
gives an idea of the heat generation 


rate per unit volume at certain test 
conditions. 


Insulation resistance of plastic ma- 
terials is fairly high and ranges from 
10° ohms per cm. for polystyrene to 
10^ for phenolic. Surface conditions 
will affect the insulation resistance, as 
will moisture and high temperatures. 
Moisture and temperature are particu- 
larly critical. Here again, the engineer 
will do well to make careful tests be- 
fore proceeding too far. The A.S.T.M. 
has devised tests to be made under 
certain specified conditions of tem- 
perature and humidity. These will 
serve as a good measure of the mate- 
rials’ ability at the temperature and 
humidity condition of the test. As to 
behavior at elevated temperatures, 
further testing and the experience of 
others are the only guides available. 
Much work has been done on this sub- 
ject, and the engineer will do well to 
consult with manufacturers before 
proceeding too far with his design. 

Arc resistance is a measure of the 
behavior of the material under a power 
arc, to determine the amount of car- 
bonization or “tracking.” This prop- 
erty will have to be determined by sep- 
arate tests, under procedure devised 
by the A.S.T.M. It is important to con- 
sult the manufacturer if are resistance 
is a requisite of the design. Arc re- 
sistance is of particular importance in 
switch design. Proper engineering can 
do much to reduce the danger of 
“tracking.” 

The amount of moisture absorbed in 
service will affect dielectric qualities, 
appearance, and sometimes dimension 
of the molded part. Polystyrene and 
vinylidene chloride show the best mois- 
ture resistance, the cellulose acetates 
behaving poorly in this respect. Some 
of the laminated phenolics are espe- 
cially compounded for lower water ab- 
sorption to obtain better electrical 
properties in the finished design. 


Table V—Electrical Properties of Laminated Phenolic 


N.E.M.A. Grade 
of Phenolic 
Laminate 


Power Factor at 
105 cycles 
per sec. 
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108 cycles 
per sec. 


Based on N.E.M.A. Standards 


Dielectric Constant at 
109 cycles 103 cycles 
per sec. per sec. 
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Stress Concentration Factors 


And Their Effects on Design — II 


GEORGE H. NEUGEBAUER 


Department of Machine Design, Cooper Union School of Engineering 


Stress concentration factors that can be applied to members sub- 


jected to fatigue have been correlated from the work of numerous 
investigators and presented with a thorough discussion of their 
applications and limitations. Seven cases are added to the 31 given 
last month, which were determined by various methods and were 


applicable where fatigue is not a factor. 


T HAS BEEN found that the 

strength of members made of 

reasonably ductile materials and 
subjected to steady loads or only a 
few cycles of repeated loads are little 
affected by stress concentrations re- 
sulting from fillets, holes, notches or 
other stress raisers. This apparent im- 
munity is caused by yielding at the 
point of high localized stress, which 
redistributes the load over the section. 
On the other hand, members made of 
brittle materials, other than gray cast 
iron, and subjected to steady loads are 
definitely weakened by stress concen- 
trations. However, members made of 
either ductile or brittle materials 
when subjected to repeated loads 
have their strength reduced by stress 
concentrations, and the breaks have 
the appearance of brittle fractures 
with little evidence of yielding at 
points of high localized stress. 

It has also been found that the en- 
durance limit of plain polished 
specimens without stress concentra- 
tions are nearly independent of the 
geometric size or grain size but are 
dependent only on the material with 
a very good correlation of endurance 
limit with ultimate strength. The en- 
durance limits of almost all wrought 
ferrous metals are from 40 to 60 per- 
cent of their ultimate strengths. For 
most cast irons and cast steels the en- 
durance limits are from 30 to 50 per- 
cent of the ultimate strengths while 
for the non-ferrous metals endurance 
limits range from 25 to 50 percent of 
the ultimate strengths. 

In the previous article in February 
Propuct ENGINEERING the writer gave 
the stress-concentration factors as de- 
termined by the theory of elasticity, 
photo-elastic measurements, and strain 
measurements. In this article the effect 
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of stress concentrations on members 
subjected to fatigue are given. 


Stress-Concentration Factors in 
Fatigue 


Since the stress at the edge of a 
small hole in a very wide plate in ten- 
sion or compression is three times the 
average stress, it might reasonably be 
expected that the endurance limit un- 
der reversed axial loads would be only 
one-third the endurance limit of the 
solid plate, but this is not always true. 
The ratio of endurance limits of a 
plain specimen and a specimen with 
stress concentration may be called the 
effective stress-concentration factor in 
fatigue. 

Let k= theoretical stress concen- 
tration factor as determined by photo- 
elastic or other measurements. 

Let A,=stress-concentration factor 
in fatigue, defined as: 
endurance limit of 

plain specimen " 
E ) 


endurance limit with 
stress concentration 


ky 


Until comparatively recent years it 
had been customary to use small 
specimens 0.25 in. to 0.50 in. in diam- 
eter to determine the effect of stress 
concentrations on fatigue specimens. 
The effective stress concentration fac- 
tors thus obtained were found to be 
considerably less than the theoretical 


stress-concentration factors. When 
larger specimens were tested in 


fatigue, it was found that the value of 
Lh, approached the value of k as the 
size of the specimen was increased. 
In Fig. 1 are shown the fatigue stress 
concentration factors obtained by 
Peterson and Wahl (Ref. 1) for shafts 
with fillets in pure bending. Fig. 2 
shows their results for shafts with 








transverse holes under pure bending, 
It is seen that the stress concentration 
factors in fatigue, k;, approach the 
theoretical stress concentration factor 
lk with increase in size. 

Other tests with different types of 
stress-raisers have demonstrated the 
same size effect. That there should be 
a size effect is not surprising when jt 
is considered that both the theory of 
elasticity and photoelastic tests are 
dealing with homogeneous isotropic 
materials while engineering materials 
are neither homogeneous nor isotropic 
except in a statistical sense. The peak 
stresses due to stress raisers act over 
a comparatively small number of 
grains, particularly in a small speci. 
men, and these grains are not home 
geneous nor isotropic. For much the 
same reason it is reasonable to expect 
that the finer the grain size, the more 
a specimen of a given size will act 
like an isotropic material, Then the 
value of k, should be closer to the 
theoretical stress concentration factor 
k for a fine-grained material than for 
a coarse-grained material. This effect 
is shown in Figs. 1 and 2 by the fine 
grained nickel-molybdenum steel as 
compared with the  coarser-grained 
carbon steel. 

The high or peak stresses due to 
stress-raisers are usually confined to 
a small region. In a wide plate in ten 
sion with a small transverse hole, the 
stress concentration factor is 3.0 at 
the edge of the hole, but at a distance 
of twice the radius of the hole it is 
1.22, while it is only 1.075 at a dis 
tance of three times the radius. Here 
the effect of the stress peak is felt by 
a comparatively few grains around the 
boundary of the hole and these few 
grains are not even statistically iso 
tropic. It has been qualitatively proven 
that highly stressed material will act 
more like an isotropic material when 
the stress gradient per grain is small 
than when the stress gradient per 
grain is large. This is shown in Figs. 
1 and 2 in which the fine-grained 
nickel molybdenum steel with a low 
stress gradient per grain has a value 
of k, closer to the theoretical stress 
concentration factor for a given diam 
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Fig. 1 Fatigue stress concentration factors for shafts with fillets in pure binding, as determined by Peterson and Wahl. 
Fig. 2—Fati-:e stress concentration factors for shafts with transverse holes under pure bending, as determined by Peterson 
and Wahl, approach theoretical factors with increase in size 


eter than the coarser grained medium 
carbon steel, which has a high stress 
gradient per grain. Of course the value 
of this stress gradient per grain will 
depend not only on the size of the 
specimen and the grain size but also 
on the type of stress raiser. For some 
types of stress-raisers the stress con- 
centration is extremely localized and 
for others the effects are more widely 
felt. 

Thus. the effective stress-concentra- 
tion factor in fatigue is seen to be 
affected by at least four variables: (1) 
material, (2) geometric size, (3) 
grain size, and (4) stress gradient. 
From a study of these factors, Peter- 
son and Wahl (Ref. 1) made the fol- 
lowing observations: 

(a) In some instances the stress 
concentration factors in fatigue were 
found to be quite close to the the- 
oretical stress-concentration factors. 


(b) Fatigue results for the fine- 


grained alloy steels and quenched car- 
bon steels are usually closer to 
theoretical results than are the cor- 
responding fatigue results for the 
coarser grained unquenched carbon 
steels. 

(c) Stress concentration factors in 
fatigue decrease with size of specimen 
and for very small specimens the 
fatigue factor is nearly unity. 

(d) Effective stress concentration 
factors in fatigue that are determined 
for small specimens should not be 
applied to the design of machine parts 
without regard to size. 

A solution of the problem has not 
been attained but the gradient method 
developed by Peterson (Ref. 2) gives 
at least an indication of the geometric 
size and grain size effect. Most design 
problems do not permit full scale 
fatigue tests because of expense, lack 
of time, or lack of equipment, and in 
such instances the method outlined in 


his paper will prove useful until a 
better approach is suggested. 
Practically all values of Kk, have 
been found to be less than or at most 
equal to the theoretical stress-concen- 
tration factor. This gives at least the 
upper limit of k, regardless of ma- 
terial, geometric size, or stress gradi- 
ent. There have been a few apparent 
exceptions to this rule, notably in 
press fits, but there has always been 
another agent at work. In the case of 
press fits there is the effect of fretting 
corrosion due to the small movements 
between the members, which greatly 
reduces the fatigue strength of the fit. 


The values of the stress-concentra- 
tion factors in fatigue that follow were 
mostly determined on small speci- 
mens. Unless otherwise noted it must 
be kept in mind that these factors 
may be too low for larger or finer 
grained members. For Cases I to 


XXXI, see February P.E. 


CASE XXXII—CIRCULAR SHAFTS WITH KEYWAYS IN BENDING. (Ref. 3, 4, 5, 6) 


R. E. Peterson. (Ref. 3) tested 
shafts made of normalized medium- 
carbon steel and of heat-treated 
chromium-nickel steel with both sled- 
runner keyways and profiled keyways 
(Pratt and Whitney type). The 
fatigue test specimens were of the 
cantilever type, one inch in diameter 
with keyways 14 in. wide and 1% in. 
deep. The sled-runner keyways were 
cut with a 1!5-in. diameter cutter. 

The stress concentration factors in 
fatigue are given in Table I. Values 
in column (A) are based on section 
modulus of the solid shaft and are 
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Table I — Stress Concentration 
Factors in Fatigue for Keyways 


Chromium—Nickel Steel 
Endurance Limit = k; 
58,000 lb. per sq. in. (A) (B) 


Sled runner keyways 1.61 1.35 
Profiled keyways 2.07 1.74 


Medium — Carbon Steel 
Endurance Limit 37,000 Ib. per sq. in. 


Sled runner keyways 1.02 1.ÀH 
Profiled key ways 1.601 1.35 
1_in. transverse hole 3.06 1.76 


useful to designers. Those in column 
(B) are based on net section, assum- 
ing linear stress distribution, and are 
of interest to investigators of stress 
concentration effects. 

The theoretical stress-concentration 
factor for a transverse hole in bend- 
ing, as given in Case XXVIII with a 
ratio of hole diameter to shaft diam- 


d 1 A 2 
eter of one to four (—=—). is 1.95 for 
) 4 


the net section as compared with the 
value of 1.76 obtained for the one-inch 
medium-carbon steel shaft. From a 
study of the values of k, given for the 
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two steels, the results would indicate 
that the values of k, obtained for the 
chromium-nickel steel are very close 
to the theoretical stress concentration 
factors and may be used as the basis 
for the design of larger shafts with 
keyways. It can be concluded that the 
sled-runner type of keyway is prefer- 
able to the profiled type from the 
standpoint of fatigue. The former has 
an endurance limit approximately 30 


Shafts having keyways are some- 
times subjeoted to alternating torsion 
as in the case of reciprocating engines. 
Researches have shown that the ratio 
between torsion and tension yield 
points, 0.575, holds also for endurance 
limits within about 6 percent and 
further that the same relationship 
holds for torsion and bending fatigue 
tests involving stress concentration. 
This means that for the cases investi- 
gated (Ref. 8) the stress concentra- 
tion factors were the same for bending 
and torsion. Until further data are 
available, the factors given in Table I 


Comparatively few tests have been 
made on the fatigue strength of screw 
threads and these have all been on 
1c-in. and ?$-in. specimens. 

Moore and Henwood (Ref. 9) made 
axially repeated tensile tests on 3$ 
in.-16 pitch U. S. Standard (National 
Coarse) and on ?$ in.—16 pitch Whit- 
worth threads, the results of which are 
given in Table II. The writer has re- 
calculated the values of k, in accord- 
ance with the well accepted theory of 


failure (Ref. 13) defined by 


ó. k; Ós 

—_ = - = 1 

Óu Ó. 
Where 


6. = nominal mean stress 


ó» = nominal amplitude of the variable 
stress 


6. = ultimate tensile strength 

ó. = endurance limit with complete 
reversals of stress 

k; = stress 
fatigue 


concentration factor in 


This theory appears to be reasonable 
because the value of fatigue strength 
for polished specimens subjected to 
repeated zero-to-maximum pulls fell 
almost exactly on this line when the 
endurance limit was taken as approxi- 
mately one-half the ultimate strength. 
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percent higher than the profiled key- 
ways for the chromium-nickel steel or 
the one-inch diameter specimens. 
Seely and Dolan (Ref. 4) obtained 
the same qualitative results for the 
stress concentration factors for sled- 
runner and profiled keyways by means 
of the plaster-model method. The sled- 
runner keyway was found to be about 
20 percent stronger than the profiled 
keyway. This increase is about the 


UT UR s 


CASE XXXIII—CIRCULAR SHAFTS WITH KEYWAYS IN TORSION (Ref. 4, 6, 7, 8) 


might be used in design for both bend- 
ing and torsional fatigue applications. 
However, the data of Seely and Dolan 
(Ref. 4) do indicate that the stress 
concentration factors in torsion are 
about 15 to 20 percent higher than 
those for bending. 

Fractures generally start near one 
end of the keyway about at the junc- 
tion of the straight part of the key- 
way and its rounded tip. The locali- 
zation of stress is caused not only by 
the sharp radius in the keyway but 
also by localized pressure resulting 
from the sharp corner of the key. To 






CASE XXXIV—SCREW THREADS IN TENSION AND BENDING (Ref. 6, 9, 10, 11, 12, 13) 


These threads were not engaged 
and therefore did not show the effects 
of tightness of fit. High strength steel 
(S.A.E. 2320) did not give a propor- 
tionate increase in fatigue strength 
because the stress concentration fac- 
tor, as a result of fine grain, increased 
as fast as the ultimate strength, par- 
ticularly for the Whitworth thread. 
This would indicate that experiment- 
ally determined stress concentration 
factors for nickel steel are close to 
theoretical values. The increase in the 
fatigue strength of the rolled threads, 
presumably National Coarse threads. 
is caused partly by slight cold work- 
ing and may be caused partly by the 
fact that the rolled threads extended 
the full length of the specimen while 
the cut threads had only one or two 


Table II—Screw Threads in 
Tension 





Medium Carbon Steel 
Ultimate strength — 





91,400 Ib. per sq. in. k k 
3$ 16 National thread 3.7 5.62 
$$ 16 Rolled National thread 2.7 5.62 
$4 16 Whitworth thread 2.1 3.86 





S.A.E. 2320 Nickel Steel 
Ultimate strength = 109,000 lb. per sq. in. 


34 16 National thread 5.3 
$4 16 Whitworth thread 4.5 





AN 


5.6 
3.8 











same as Peterson obtained fo. the mẹ. 
dium-carbon steel. The values obtained 
by Thum (Ref. 5) are also | 
with Peterson’s results. 

Cold working of keyways (Ref, ¢, 
p. 155) offers interesting possibilities 
Wiecker and Koch found a 20 pe. 
cent improvement by surface rolling 
the shaft before cutting the keyway 
and peening or cold rolling the cor. 
ners of the keyway groove. 


sistent 






distribute this pressure more evenly, 
and to relieve some of the load at the 
junction of keyway body and ends, 
Fopple suggests making the key 
springy at the ends. (Ref. 6. p. 156), 
He experimentally showed appreciable 
improvement by this variation. 

G. S. von Heydekampf (Ref. 7) 
cited a case where torsional fatigue 
failure occurred near the tip of a key. 
way when a steel key was used but 
was prevented by substituting a cop. 
per key. His explanation was that the 
key deformed elastically sufficiently 
to distribute the stress. 





Table I11]—Screw Threads in 





Bending 
(A) S.A.E. 3140, Ni-Cr. steel 
Ult. 
Type of Specimen Strength k; k 





5/16—18 National 143,000 2.68 5.62 
5/16—18 Aero 143,000 1.85 — 





(B) Medium Carbon Steel 





3$—24 National 
cut 89,300 1.89 5.62 
3$—24 National, 


single extrude 
and rolled 

3¢—24 National, 
double extrude 
and rolled 


t» 


89.3001.51 5.6 


77,400 1.34 5.62 


threads exposed on the ends. No tests 
were made with rolled threads on 
nickel steel. 

All stress concentration factors in 
Tables II and III are based on root 
area, Theoretical stress concentration 
factors k were obtained by Hall (Ref. 
10) in photoelastic tests. They are, 
however, of doubtful validity for a 
fitted screw thread. 

R. R. Moore (Ref. 11) conducted 
tests on engaged screw threads unde 
completely reversed stresses in bend 
ing. Two types of threads were tested, 
the /&—18 National Coarse thread and 
the X&—18 Aero-thread. His results 
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are shown in Table Illi A). 

A. M. Smith (Ref. 12), in compar- 
ing cut and rolled threads, found that 
single extruding and rolling threads 
increase ultimate tensile strength and 
fatigue strength while decreasing ten- 
sion impact strength slightly. Double 
extruding and rolling threads in- 
creases ultimate tensile and fatigue 
strength the most and reduces tension 
impact strength the most. Unfortu- 
nately, Smith did not find the endur- 
ance limit for plain polished speci- 
mens so that values of k, given in 
Table II[(B) were calculated on the 
basis of an endurance limit equal to 
one-half the ultimate strength of the 
plain, unworked wire. Values of k, 
were also calculated on the basis of 
root area, instead of a mean area as 
given in Smith's paper, and on the en- 
durance limit of the original wire be- 
fore rolling or extruding. The theo- 


CASE XXXV—CIRCULAR SHAFTS WITH TRANSVERSE HOLE IN BENDING 


The results obtained by Peterson 
and Wahl ( Ref. 1) on transverse holes 
in a shaft under pure bending in 
fatigue has already been shown in 
Fig. 2, while the theoretical stress- 
concentration factors were given in 
Case XXVIII. 

The effect of transverse holes in 
specimens 0.330 in. in diameter for 
an aluminum forging alloy (25ST) 
and for a magnesium-zinc-aluminum 
forging alloy were investigated at 
Wright Field (Ref. 6, pp. 65-6). The 
results are shown in Table IV, with 
both the fatigue and the theoretical 
stress concentration factors given. 

Thum and Bantz (Ref. 6, pp. 146 


CASE XXXVI—CIRCULAR SHAFTS WITH TRANSPERSE HOLE IN TORSION 


Thum and Weiss (Ref. 6, p. 157) 
made a punch in the form of a square 
pyramid with edges rounded off on 
a large radius. This was then pressed 
into the oil hole of a shaft under pres- 
sure regulated according to the hard- 
ness of the steel, taking pains not to 
produce as much hardness in a hard 


Table V — Stress Concentration 
Factors of Oil Holes in Shafts 
-—————— 


Endurance Limit Bored Hole, 
in Torsion Square pressed 
After Polishing Bored and polished 
Hole lips 
k, k; 
36,000 1.85 1.16 
37,500 1.56 1.17 
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retical stress concentration factors k 
were obtained by Hall (Ref. 10) in 
tension. 

Stress concentration factors do not 
tell the whole story because the shape 
at the root of the thread must also 
be taken into consideration. Moore 
and Henwood (Ref. 9) and R. R. 
Moore (Ref. 11) both used sharp 
roots while Smith (Ref. 12) used 
fillets at the roots, which is more 
usual. Hall’s values of k (Ref. 10) are 
also for sharp threads. It would, how- 
ever, be dangerous to use stress con- 
centration factors Kk, given in Table 
III(B) for larger screws or finer 
grained material. 

It is also necessary to take root area 
as well as stress concentration factor 
into account. When this is done, it is 
found that the %—18 Aero-thread is 
nearly 2% times as strong in fatigue 
as %s—18 National Coarse thread in- 


and 156) showed that pressing stress- 
relieving depressions around an oil 
hole improved the fatigue strength of 
the member more than machining 
these additional stress raisers. Doring 
(Ref. 6, p. 156) studied the effect of 
pressing a Brinnell ball into the hole 
and then rounding off the ends of the 
bored hole by polishing out the irregu- 


Table [1V—Stress Concentration 
Factors for Circular Shaft With 


Traverse Holes in Bending 


12 

2.3 
2.26 
2.50 2.00 


k = 
25 ST, k; = 
Mg-Zn-Al, ky = 


stead of 1% times as indicated by 
stress concentration factors alone. 

Photoelastic studies show that 
stress concentration around a notch 
can be affected by putting in an ad- 
jacent notch. This mutual interference 
is noted in screw threads so that a 
single circumferential groove has a 
worse effect than does a continuous 
thread of the same shape and depth. 
At the end of the thread there is no 
stress-interfering groove, so the weak- 
est place in a thread is at its end; 
therefore, a bolt that is completely 
threaded is stronger in fatigue than 
one threaded only on part of its 
length. Cutting away the bolt diam- 
eter to less than that at the base of 
the thread and having this cut come 
to the end of the thread is helpful. 
This method does away with the com- 
bination of end thread stress and 
clamping stress. 


larities thus produced. Rounding off 
the edges so that the burr is removed 
was found to be very important. 
Countersinking and polishing the 
edges were preferred to pressing in a 
ball because of difficulties in polishing 
the bore thereafter. 


Oil hole 
rmagnified 














steel as in a softer one and to avoid 
over cold working. The burr was then 
polished off and the lip of the hole, 
now in the shape of a square with 
rounded corners, was also polished. 
The square was in line with the axis 
of the shaft, so that the strongly 
worked corners were at 45 deg. to the 


Basner (Ref. 6, p. 66) made axial 
stress fatigue tests of a steel of 84,000 
lb. per sq. in. in ultimate tensile 
strength and 53,500 lb. per sq. in. 
yield strength in which the stress 
varied from a low tensile load to a 
higher load four times as great. A 
stress range at which 10,000,000 cycles 
were withstood without fracture was 
taken as the endurance limit. Flat 
specimens 0.87 in. wide by 0.65 in. 
thick with 0.2 in. hole bored through 
the wide face were used in one series 


Much experimental work has been 
done to evaluate the effect of dif- 
ferent workshop finishes, but it has 
not yet been reduced to a form which 
can be used with any great confidence. 

Thomas (Ref. 14) and Moore and 
Kommers (Ref. 15) were among the 
first to show the deleterious effect of 
the usual workshop finishes. These 
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axis and the slightly worked sides of 
the square were respectively in line 
with, and normal to, the axis, since 
these shafts were being prepared for 
use in torsion, where the maximum 
normal stress comes at 45 deg. They 
then tested the specimens with the 
rounded square impression in the ends 


CASE XXXVII—FLAT PLATES WITH TRANSVERSE HOLES IN TENSION (Ref. 6) 


Table VI—Stress Concentration Factors in Flat Plates With Transverse 
Holes in Tension 


of the oil hole under reversed torsion 
using steel heat-treated to two hard. 
ness levels, Their results are shown jy 
Table V. 

There have been a number of fai. 
ures in shafts that were polished by 
had a rough place in the drilled hole. 
which acted as a nucleus for failure. 


k k 
(a) Bored Hole, not rounded nor polished....................... 2.2 2.42 
(b) Hole pollshed, edges IU abaep. .....e eere eer hr Rm 1.93 2.49 
<a an en RENE 


(c) Hole polished, edges rounded and polished................... 1.83 2.42 


of tests. The hole was left with either 
a normal drilled hole, or internally 
polished, or the edges of the hole 
rounded off by counter-sinking slightly 
and the hole and edges polished. 









CASE XXXVIII—EFFECT OF WORKSHOP FINISHES ON FATIGUE STRENGTH 


experiments showed that the stress 
concentration factor for a smooth 
turned shaft under pure bending is 
about 1.2 while the stress concentra- 
tion factor for a ground surface is 
about 1.1 and for an emery polished 
surface about 1.06. However, these 
experiments were made on specimens 
less than 15 in. in diameter and would 
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Hydraulie ram acting vertically, as shown at A, scored 
badly after short use. It was found that oil leaking through 
the gland formed a stagnant puddle on the top flat surface 
of the gland flange. This oil collected dirt which was drawn 
down through the gland bushing on the down stroke of the 
ram, thus scoring the ram. The condition was cured by ex- 
tending the bushing through the gland flange as shown at 
B, so that leakage flowed away from the ram. 


Corner 
radius 


Babbitt” 


Lug under repetitive shock load 
failed, as shown at A, after a few 
months service. The piece was rede- 
signed increasing the corner radius 
from 14 in. to 34 in. as shown at B. 
This radius was also highly polished. 


Despite higher bearing pressure and 
àn apparent increase in bending mo- 
ment because of the greater eccen- 
tricity of load application, the new 


design has given no failures so far. 
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Babbitt? 





Inertia governor caused erratic operation even though 
the engine had been thoroughly checked and keyed up per- 
fectly several times. The governor, of the inverted type, 
swung on a roller bearing carried by pin A. After it was 
noticed that the rollers had marked the races, thus indicat- 
ing an overload, the roller bearing and old pin were re- 
placed with a new pin and a phosphor bronze bushing. 
After this, the governor regulated easily at all speeds. 


Oil grooves cut in engine crankpin 
bearing as shown in Fig. 1 worked 
satisfactorily while the bearings were 
new. Oil fed in at A, in flowing 
around to D, branched off into grooves 
B and C. As the crankpin and bearing 
began to wear, a ridge formed on the 
crankpin under the groove AD, thus 
diminishing the oil carrying capacity 
of the groove. When the bearing was 
keyed up to reduce the slack, the ridge 
in running against the edges of the 
groove produced extra friction causing 
the pin to run hot. The ridge also 
prevented any pinching of the con- 
necting rod sideways so that it was 
impossible when keying up the brasses 
for one to judge what the clearance 
was. All these troubles were corrected 
by removing the ridge from the crank- 
pin, rebabbitting the brasses and cut- 
ting the grooves B and C spirally as 


shown in Fig. 2; in addition at D and 
E slight reliefs were cut. 


PRODUCT ENGINEERING will pay a minimum 
of $3 for each example published in Causes and 
Cures. Where illustrations are necessary, include 
drawings, rough sketches or photographs. 
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METHODS OF APPLYING LIQUID ADHESIVES that are illustrated here are a 
continuation of the methods given last month. This group includes rotary 
applicators on movable axes and otherwise movable between adhesive 
pick-up position and applying position, endless belt applicators, applica- 
tors in the form of moving daubers, plates, and the like, reciprocating 


dies exuding measured quantities; of cement, and spray nozzles. All of 
these mechanisms are used or are applicable on production machines 
such as for making pasteboard boxes or cartons, pasting labels or envel- 


opes, and making shoes or other products involving the use of liquid 
adhesives. 
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FIG. 3—Brush applicator is fed through 
passages between bristle tufts by spring 
operated plunger 
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FIG. 1— Bottom label is spread with glue by two abutting glue-coated picker plates, 
which separate during contact with label stack, then carry label to bottle 
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FIG. 2 — Measured quantities of cement are forced through perforations in specially FIG. 4—Shoulder on valve stem in glue 
designed upper and lower die plates, which are closed hydraulically over zippers. chamber retains glue until pressure 0n 
Lower die only is shown tip opens bottom valve 
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FIG. 5—Glue is applied to en- Glue 


velopes by means of spray nozzle 
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FIG. 8—Pin applicators reciprocate ver- 
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FIG. 6 — Rocker shaft on rack, which is E dauber 
moved vertically by sector gear, carries FIG. 7—Glue is extruded 


glue on contact bar from roll to label stack through nozzle on work 
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FIG. 10 — Dauber assembly is mored 
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FIG. 9 — Paste belt applicator passes around ments are produced by crank operated 
pulley in pastepot and slides over label stack bar over dauber shaft 
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Platform brackets 


and inclosure 


Camshaft casing 


Arc-welded parts which have been redesigned to improve appearance are indicated on this latest design engine 


Arc-Welded Design Helps Reduce 
Weight of Large Diesel Engines 


By using arc-welded construction more and more since 1930 for 


successive models of large diesel engines Nordberg Manufacturing 


Company has been able to reduce the weight per horsepower from 


over 300 Ib. to less than 100 Ib. Another advantage of the use 


of are welding has been the improvement during the past two 


years in engine appearance without changing the basic structure. 


INCE 1930 Nordberg Manufac- 
turing Company at frequent in- 
tervals has improved various de- 

sign features in its line of large diesel 
engines. Such a program could not 
have been followed except for the fact 
that arc welding was adopted more ex- 
tensively with each change of model. 
Had the former type of construction, 
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wherein all main structural members 
were made of castings, been adhered 
to the cost of the development pro- 
gram would have been prohibitive. 
The investment in patterns and the 
cost of pattern changes would have 
frozen the design, as is true in the 
manufacture of most machinery in- 
volving large castings; but by chang- 


ing to arc-welded construction all con 
siderations relative to costs of new 
patterns, pattern alterations and pat 
tern storage could be discounted. Asa 
result, Nordberg found it economical 
and profitable to adopt a policy o 
continuing changes in design, achiev 
ing thereby successive models that 
were each an improvement on its 
predecessor with respect to weigh. 
cost and appearance. 

Perhaps the most important im 
provement achieved through arc 
welded construction was the contin: 
ous reduction in weight per horse 
models. 
Specifically, whereas in 1930 the 
weight per horsepower was more that 
300 lb., this has been reduced to les 


power of the successive 
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than 100 lb. for engines in the same 
bore and stroke range. This weight re- 
duction was achieved not by skimp- 
ing on materials throughout the engine 
but rather by the redesign of specific 
castings for arc-welded construction, 
the welded design being of equal 
drength and usually of greater rigid- 


An example of the weight saving 
achieved by changing from cast to 
welded construction is the platform 
bracket. In the older models this was 
a gray iron casting that weighed 52 
Ib; the welded design weighs 25 lb. 
In this instance the reduction in 
weight had advantages besides con- 
tributing a lower weight per horse- 
power. The relatively light welded 
bracket made it possible for two men 
to lift and bolt in place the welded 
bracket, whereas the heavy cast 
bracket required the use of a crane. 


The saving in crane time is even 
more significant than the reduction in 
direct labor cost. In addition, the man- 
ufacturing cost of the welded bracket 
was less than that of the cast bracket. 

The main structural frame of the 
engine consists of a bedplate, columns 
and cylinder blocks, the whole held 
together by through tie bolts, produc- 
mg a structure which acts as a unit 
in resisting the firing load. Each cylin- 
der block is an individual piece. Join- 
ing or connecting these parts longi- 
tudinally are the members which serve 
all cylinders—the scavenging header 
which supplies air to the cylinders, 
the camshaft casing, exhaust header 
and the platforms and railings. In 
large diesel engines it has been the 
practice to make the main structure of 
cast iron practically throughout. How- 
ever, a thorough analysis of the de- 
sign by Nordberg engineers indicated 


(Above) Perspective view of scavenging header 
from side which bolts to engine. (Below) Elbow 
which connects the blower to the scavenging header 
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that the headers and other parts 
which run lengthwise were more 
adaptable to welded construction 
rather than casting. Over a period of 
years, following a definite develop- 
ment program, most of the longitud- 
inal members referred to have been 
redesigned for welding. 

The redesign of the scavenging 
header, which carries air at low pres- 
sure from a blower to the cylinders, 
presents many interesting problems. 
Structurally, it must be strong and 
rigid so that it may be welded, ma- 
chined and handled as a unit without 
distortion. It must have sufficient vol- 
ume so that the pressure does not fall 
too much as each cylinder takes air; 
yet it must be light in weight, espe- 
cially when used for marine engines. 
Vibrations caused by air pulsations 
from the blower must be minimized 
and not transmitted to the header. 
Also, the design must blend into the 
general appearance of the engine and 
seem a part of it, not an accessory. 

The main structure of the header 
consists of a frame, which bolts to the 
engine cylinders, to which is welded 
a Ys-in. semicircular sheet. This semi- 
circular plate, although light for its 
size, is inherently rigid by virtue of 
its form and has the advantage that it 
is practically unaffected by air pres- 
sure pulsations within it. The flat 
frame is bolted against the rigid cylin- 
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Cross-section of scavenging header recently 
redesigned for arc-welded construction 









der block and is also unaffected. 

Carrying out the same principle, the 
elbow which connects the blower to 
the header is constructed also of Ñs- 
in. plate and is designed with no flat 
surfaces to vibrate. It is made to con- 
form in shape to the scavenging header 
and appears in the completed engine 
to be a part of it. 

A peculiar problem had arisen in 
connection with this piece which was 
easily solved by a method unique to 
arc-welded construction. The elbow is 
bolted rigidly to the scavenging header 
and is connected to the blower by a 
flexible joint of 44-in. soft rubber. 
It is almost impossible to build up 
large engines of this type with suffi- 
cient accuracy so that the elbow can 
be prefabricated and drilled with any 
assurance that it will fit. In order to 
secure a good match at the header 
joint and the required fit at the 
blower, these elbows are torch-cut 
about 6 in. from the header end just 
previous to erection. Both joints are 
then bolted up and the cut rewelded, 
producing a perfect match at both 
joints without the 
machining any parts. 

The camshaft casing acts as a sup- 
port for the camshaft and its drive 
gear, fuel pumps and cylinder lubrica- 
tors. It must be rigid enough to take 
the “bumps” from the fuel pumps, 
and must be oil tight. The present de- 
sign requires only three longitudinal 


necessity of re- 
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Cross-section of latest design of camshaft casing 


welds and has no welds subject to oil 
leakage. Welding procedure has been 
simplified and distortion has been 
much reduced. 

Although the functional require- 
ments of the camshaft casing are 
easily met, the construction of this 
long slender weldment presented quite 
a problem until a definite procedure 
was evolved. The upper frame is laid 
down first, upside down, and the 
gussets attached. The bent plate, angle 
and pads are then tacked in place. 
The structure is finished by using a 
series of welds in sequence established 
by experience to keep the final assem- 
bly straight. This has been developed 
so that the present design requires 
only 14-in. finish allowance on a 34-ft. 
overall length. 

The exhaust header normally pre- 
sents no great difficulties in welding, 
but it illustrates the adaptability of 
welded construction. Each power 
plant may have a different exhaust 
pipe layout, to which the engine ex- 
haust must be connected. One may 
require a connection at the forward 
end of the engine, another at the gen- 
erator end. One may require an elbow 
turned up instead of down. Since 
welded design is not tied to any ex- 
isting pattern equipment these re- 
quirements are easily met. 

The header construction consists of 
cast steel nozzles welded to a steel 
plate pipe. The pipe and nozzles are 
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covered with asbestos cement, the 
canvas. For protection a j.in, shew 
steel skin is welded over the whole b 
produce clean appearance. Since the 
skin remains relatively cool while the 
pipe reaches a temperature of 5 
deg. to 600 deg. F. it is attached ņ 
the pipe at the elbow end only, whi, 
the other end is free to expand and 
contract, sliding on supporting ring 
The advantages of arc-welded a 
struction as described here are oby. 
ous so far as weight reduction ni 
manufacturing cost savings are c. 
cerned. Evaluation of other economie 
advantages is difficult because of jp 
tangibles, such as the increased gale 
appeal brought about by the “stream. 
lining” of the engines. It is safe to a 
sume, though, that the results of ar. 
welded construction as far as it ha 
been carried up to the present are sq. 
isfactory enough to warrant investiga. 
tion of further possibilities of this 
type of construction. 
[Epiror’s NorE— The data and illu: 
trations are taken from a study sub. 
mitted to the James F. Lincoln Ar 
Welding Foundation by Robe 
Cramer, Jr., assistant chief engineer, 
Nordberg Manufacturing Company, 
Milwaukee, Wis., in its recent $200. 
000 Industrial Progress Award pw 
gram for reports and advances ani 
improvements made by the applica 
tion of arc welding in design, fabrica 
tion, construction and maintenance. 
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Industry and Societies 


Broader Scope of Activities and Longer 


Training Period Advocated for Engineers 


Å PLEA FOR BROADENING THE SCOPE ol 
the engineer's activities in the post- 
war world, and lengthening the period 
of his training in liberal subjects, was 
made by Gerard Swope, president of 
the General Electric Company, when 
he received the Hoover Medal for 
1942 on January 27. 

“A knowledge of the growth of 
industry, and especially the struggle 
of labor for a larger share of the 
fruits of production, and a recognition 
of labor’s place in industry, should 
assist the engineer in taking his right- 
ful place in society and aid him in 
developing policies that will insure 
greater good, both materially and 
spiritually, for the greater number,” 
Mr. Swope said. “The foundation of 
engineering training is in the exact 
sciences. The education of the engi- 
neer, however, must not be cenfined 
to these basic subjects but should 
include history of the development 
of man, his industries and his rela- 
tions with other men, as well as the 
migration and development of peoples, 
thus leading to a broader and more 
tolerant understanding of differences 
among people. 

“Engineering is no longer an ex- 
tension of a course in manual training, 
or a study of purely technical sub- 
jects; it is a broad profession. Not 
s long ago neither law nor medicine 
required a general training in aca- 
demic or scientific subjects, but now 
a college course and degree is re- 
quired before undertaking 
sional work in these fields. 
“The real danger for the engineer 
is that the fine qualities of the field 
in which he is working, the exactness 
of the laws of nature, and the accu- 
racy with which he must determine 
his design, may easily lead to narrow- 
ness of outlook and rigidity in his 
dealing with men. The tendency of 
engineers in dealing with human be- 
Ings is to assume that two and two 


profes- 
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must always make four. He must be 
open-minded and liberal in making 
allowances, that possibly in one case 
two and two may make only three and 
seven-eighths and that in another case 
may make four and one-eighth. The 
engineer's problem in machine design 
is to secure stability of structure. 
efficiency and reliability in operation. 
The smooth motion and decreased loss 
from friction that is highly desirable 
in machines should also be sought 
after in human relations. 


Plastie is now being used for treads 
to replace rubber tires on wheeled 
restaurant equipment and industrial 
hand trucks. Resinox, a phenol- 
formaldehyde compound made by 
Monsanto Chemical Company, is used. 
Trucks equipped with these treads on 
wheels and casters, are made by Jarvis 


“Society has a right to look to engi- 
neers, with their training in accuracy 
and truth, for leadership in industry, 
where their services are especially 
needed to develop assurance of em- 
ployment. to further 
simpler design and better methods of 
manufacturing, the attainment of 
lower costs resulting in lower prices 
to the community, and a wider dis- 
tribution of the products of industry. 
There is much constructive work to 
be done to make our communities 
better places in which to live, to give 
assurance of work and leisure, without 
fear, in which to enjoy the benefits of 
better living. that the ideal of the 
engineering societies should be con 


progress in 


and Jarvis, Inc., Palmer, Mass. The 
plastic treads roll easily and are 
simple to attach to a wheel, but they 
are less resilient and noisier than 
rubber treads. While the plastic is 
not suitable for automobile tire use, 
much rubber can be saved, it is ex- 
pected, in small wheels and casters. 
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Lockheed AT-18 trainer which 
can be used as a gunnery trainer or 
can be fitted for training in naviga- 
tion. It is based on the Hudson III. 
Most of the interior equipment carried 
by the Hudson has been removed in 
the trainer, and the cabin stripped 
down to a shell. There are seats, tele- 
phone equipment and regulation radio 


stantly before us, not only for a poli- 
tical, but also for an economic and 
industrial democracy.” 


Willys Jeep Motors 


Have Many War Uses 


BECAUSE OF ITS ABILITY to develop 61 
hp. at 3,800 r.p.m., the four-cylinder 
Willys-Overland Jeep motor is serving 
at many war tasks. By the armed 
forces, it is being used to generate 
power for searchlights, arc welding 
equipment, short wave transmitters 
and receivers, and it is coupled to 
centrifugal water pumps as fire fight- 
ing units. 

It serves as a power plant in life- 
boats and other small craft of the 
U. S. Marine Corps. 

Industry has found it useful for 
driving tractors. On farms it is serv- 
ing as the power unit for threshing, 
cutting wood, and other agricultural 
chores. 


1,000 Small Plants Set 
To Make Special Tools 


FOLLOWING THE LEAD of more than 
200 small machine shops in the east 
now participating in the manufacture 
of special maintenance tools for com- 


bat vehicles, the U. S. Ordnance De- 
Tank- Automotive Center 


partment 
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for a crew of two and one student. A 
low pressure oxygen system is pro- 
vided. Each trainer has a target wind- 
lass installation which lets the target 
sock out through the tunnel gun open- 
ing. The plane carries a Martin tur- 
ret in which the student practices fir- 
ing two 50 caliber machine guns at a 
target trailed behind another plane. 


hopes to utilize the facilities of more 
than 1.000 small plants throughout 
the country not now producing war 
materials. 

Special maintenance tools are not 
standard products of the tool industry. 
Aside from the fact that some small 
plants could not produce the entire 
tool or sets of tools, a portion of the 
prime contract is being sub-contracted 
that more small plants may partici- 
pate in the work. This is part of the 
new decentralization policy of Maj. 
Gen. Levin H. Campbell, Jr., Chief of 
Ordnance. 


Committee System Speeds 
Tank Production 


AS A MEANS FOR SPEEDING PRODUC- 
TION, manufacturers doing work for 
the Tank-Automotive Center have or- 
ganized integration committees for 
better coordination of manufacturers 
doing the same type of work. This 
plan enables members to deal directly 
with one another in exchanging parts, 
raw materials, machine tools or better 
production methods. 

Large and small companies all over 
the United States are members of one 
or more committees or sub-committees. 

Brig. Gen. A. R. Glancy, Deputy 
Chief of Ordnance in charge of the 
Tank-Automotive Center, explained 
that if some manufacturer finds he is 


getting slow deliveries on some item 
the committee office will find out d 
once if some other manufacturer hes 
an excess of that item so that some 
balance may be reached. Former) 
negotiations were carried on directly 
with the U. S. Ordnance Departmen, 
but now the manufacturer goes to his 
own committee headquarters, gets the 
centralized information, and then deals 
directly with the other manufacture; 

This committee plan has taken s 
much detail work from the army de 
partment and has placed it in th 
hands of private industry. As a re 
sult, work has been expedited. 


























































































Turbosuperchargers make pos 
sible the performance of the Boeing 
Flying Fortress and other American 
high altitude planes. Flaming hot er 
haust gases from the engine drive a 
turbine which in turn drives a com 
pressor for supplying power-produe: 
ing air to the engine, so that the en 
gine can operate with the thin air of 
high altitudes. In the photograph, 
Lieut. Gen. William Knudsen, US. 
Army production chief, and G. E 
Berg, superintendent of a General 
Electric war plant, are inspecting à 
partly cut away G.E. turbosuper 
charger. 





Men in Armed Services 
Want Technical Books 


TECHNICAL BOOKS published since 
1935 in the fields of architecture, 
aeronautics, chemistry, drawing, Mè 
chine design, mathematics, meteor 
ology, navigation, photography, phys 
ics, radio, shop mechanics and civil 


and mechanical engineering are being 


sought by the 1943 Victory Book Cam- 
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paign, sponsored by the American 
Library Association, American Red 
Cross and United Service Organiza- 
tions, for men in the armed forces. 

These men have expressed prefer- 
ace particularly for the types of 
woks listed above, along with lighter 
eading matter, including best-sellers 
» the fiction and non-fiction fields. 
The reasons the soldiers and sailors 
ak particularly for technical books 
ae to keep up with developments in 
the fields they left when they went 
into service and to train themselves 
for jobs which they may want to seek 
when the war is over. Public libraries 
all over the country are the official 
collection and sorting centers for the 


campaign. 


U.S. May Be in Tin 
Business After War 


Au THE TIN that the United States 
needs for war and essential civilian 
uses can now be supplied by a tin 
smelter built by the government in 
Texas. This capacity is almost equa: 
to the anticipated post-war demand. 
and when present expansion is com- 
pleted it will be twice that figure. The 
smelter was built and is being oper- 
ated for the government by the Tin 
Processing Corporation, a subsidiary 
of N. V. Billiton Maatschappij, a 
Dutch concern. Production at the 
present time. however, is believed to 
be a little more than half the existing 
capacity. 

Significance of the existence of the 
Texas smelter is that it is the only one 
of any size in the Western Hemi- 
sphere, and one of the only two big 
ones left in the hands of the United 
Nations. The other smelter is in Liver- 
pool, England. For generations the 
world has been dependent for metallic 
tin on British and Dutch interests, 
which have controlled most deposits 
of high-grade ore and virtually all of 
the major refineries through the In- 
ternational Tin Committee. 

Deposits of tin ore are found in 
widely scattered parts of the world, 
but the richest ores are concentrated 
in Bolivia, British Malaya and Nether- 
land East Indies, The only ore source 
how open to the United States is, of 
course, Bolivia. These ores require 
hard-rock mining and are of much 


lower grade than those which come 
from the Orient. 


lt is doubtful that the Texas smelter 


could operate profitably on the pres- 
ent low-grade Bolivian concentrate if 
it had to meet determined competition 
from the British and Dutch. assuming 
that they recover their high-grade de- 
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Powered by two 2.000 hp. Pratt & 
Whitney Double Wasp engines. the 
Vega Ventura is being manufactured 
by the Vega Aircraft Corporation, as 
a big brother to the world famous 
Hudson bomber. Many planes of the 
Ventura type have been flown across 


the Atlantic. The ship has a wing 
span of 25 ft. 10 in.. and an overall 
length of 57.5 ft. It carries a crew of 
All vital parts are pro- 
tected by machine guns, with a gun 
in the nose for ground strafing. Many 


four persons. 





features of this plane’s design are 
still kept confidential, but Venturas 
are being built on a full time pro- 
duction schedule for use by the Brit- 
ish and the U. S. Army and Navy. 
The Ventura embodies the conven- 
tional Lockheed design, and in its ap- 
pearance closely resembles the Hud- 
son bomber. However, the makers 
claim the Ventura is “farther, faster, 
fiercer.” Officially, it is a medium 
attack bomber of the type of North 
American’s B-25 and Martin's B-26. 





posits in the Orient. However, there 
are indications that the International 
Tin Committee is preparing to deal 
with the United States in the post-war 
period. The committee now has two 
delegates from this country, one rep- 
resenting the government and the 
other consumers, but 
there is no assurance that these dele- 
gates will have votes. Significantly, 
powers to negotiate contracts for for- 
eign purchases, such as tin, now rest 
with the Board of Economic Warfare, 


representing 


an expert international poker player. 

If the United States can induce the 
Patino interests, which control the 
better grades of Bolivian ore, to ship 
to the Texas smelter instead of to 
Liverpool, this country will be in a 
strong position to bargain with the 
committee. The result may well work 
to the advantage of tin consumption 
in the United States, which normally 
takes nearly half of the world output, 
by possibly lowering prices and in- 
creasing availability. 





Diseussions and Comments from Readers 


BRUCKNER SUPPLEMENTS 
BERKLEY METHOD 
FOR DETERMINING WR 


To the Editor: 

The article, “How to Determine 
WR" on pp. 704-706 of December, 
1942, Propuct ENGINEERING is very 
useful and timely in these days when 
factories are being converted and re- 
vamped for war production. Also, the 
author, Mr. Berkley, is to be con- 


gratulated on a correct and clear 
presentation. 


However, in some cases the polar 
inertia of the driven machinery as- 
sembly must be determined more ac- 
curately than would warrant neglect 
of such motor factors as the core loss. 
For example, he obtains a polar in- 


ertia of 18,200 by one method and 
21.300 by another method, which 
would not be accurate for most cal- 
culations of electrical and mechanical 
resonance. 

Also, in many cases of replacement 
of old motors, the nameplate data are 
undecipherable and the motor an 
orphan. In other cases, the machinery 
is driven by a steam engine or a tur- 
bine. For all such cases, where higher 
accuracy is required, or the char- 
acteristics of the driver are unknown, 
the following alternative method may 
be used to find the total WR’, hence 
the driven W R? by merely subtracting 
the W R? of the driver: 

In the first place, the word “de- 
celeration” should be used with cau- 
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tion, since its literal meaning is to 
take away from the hastening of”, in 
other words to diminish the rate of 
acceleration. We are here 
with a retard. 

By adding either a known retarding 
torque or a known polar inertia to the 
assembly, and measuring the retard 
times, we can determine directly the 
polar inertia with an accuracy not 
limited by unknown driver character- 
istics. In most cases, including the 
illustrations worked out by Mr. Berk- 
ley, it is amply accurate to assume a 
uniform retard from full to 34 speed, 
equal to the change in speed divided 
by the time of retard in seconds. 

To illustrate the first method, addi- 
tion of a known torque: Let x be the 
unknown friction torque of the entire 
driving and driven assembly, due to 
windage and bearing friction, etc. 
Let t, be the seconds to retard to 34 
speed under retarding torque x. Let 
T be the known added retarding 
torque, preferably roughly equal to x, 
consisting of a simple mechanical 
pony brake. Let t, be the seconds to 
retard to 34 speed under the com- 
bined retarding torque x + T. 

Then, since the total retarding 
torques and the measured times are 
inversely proportional, with closely- 
parallel torque-time curves over the 
small range from full to 34 speed, we 
have: 


dealing 


r r-T T 
— = —— or tt = zt + Tt 
ü tr 
3 Tt 
Whence z = 727 
27" 4 


Using preferably the larger torque, 
x + T, and larger time, t», since these 
can be measured more accurately, the 
polar inertia in the lb-ft^ is then 
merely the above-measured torque 
divided by gravity-acceleration and by 
the measured angular retard rate: 


Ib. ft. torque 


b. nat 32.2 XX radians/sec. /sec. 

Or alternatively, let Jų be the un- 
known polar inertia to be determined. 
At any convenient point in the system, 
add a known polar inertia /,, such as 
a scrap flywheel or a pulley picked 
up around the shop. Let t; be the time 
in seconds to retard from full speed 
to 34 speed with /, and t, the time to 
retard from full speed to 34 speed 
with /, and /, both effective. 


Then Is = atts 


1 t 


tı 
Wh I= I —— 
ence Aei 


which directly measures the unknown 
polar inertia without further calcula- 
tion. The value so found is the polar 
inertia of the combined driver and 
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driven machinery. If the polar in- 
ertia of the driven assembly alone is 
desired, subtract the polar inertia of 
the driver. If the driver is an old 
steam engine with unknown polar in- 
ertia, find its individual polar inertia 
by either of the above methods, which- 
ever is most convenient, by merely 
disconnecting the driven assembly and 
adding either a known retarding 
torque or a known polar inertia. 

Of course, where still more accuracy 
is required, an actual retardation 
curve can be plotted as explained by 
Mr. Berkley. This is usually neces- 
sary only where the driven assembly 
retard torque is a power of the speed, 
as in fan drives. Note that this is not 
the case where a centrifugal pump is 
being driven, since we here empty the 
pump casing for accurate inertia de- 
termination. —Rosert E. BRUCKNER 


STANDARD FOR DEPTHS 
OF BLIND TAPPED HOLES 
ESTABLISHED BY RCA 


To the Editor: 


Recently there has been some dis- 
cussion in Propuct ENGINEERING 
(August 1942, page 465) on threaded 
depths of blind tapped holes. Some- 
time ago standards were established 
at RCA, for RCA use, giving actual 
dimensions which can be used on 
drawings. It is our belief that this is 
the first time definite figures have been 
made available on this subject. The 
RCA standard is as follows: 











Standard 
Sizes A B AandB C 
of Tap Min. Min. Max. Min. 
#2-56 1/16 3/32 3/16 5/32 
#4-—40 3/32 1/8 1/4 5/32 
#6-32 7/64 9/64 9/32 5/32 
#8-32 1/8 11/64 11/32 5/32 
210-24 5/32 3/16 33/8 7/3 
110-32 5/32 3/16 3/8 7/32 
212-24 5/32 7/32 7/16 7/32 
1/4-20 3/16 1/4 1/2 1/4 
5/16-18 1/32 5/16 5/8 9/32 


3/8-16 1/4 3/8 3/4 5/16 





Minimum A dimension for metal 
thickness is based on minimum num- 
ber of threads required to develop 
full strength of screw. 

Minimum B dimension for depth of 
full thread is based upon developing 
full strength of screw and allowing 





for manufacturing toleran: es on ser, 
lengths. 

Maximum A and B dimensions - 
based on maximum depths of tapped 
holes possible with minimum too! 
breakage and without special set yp 
Depths of tapped holes greater tha 
these maximum dimensions may y 
quire special processing and inspe 


tion equipment. Greater lengths , 
thread engagement also require spe 


cial tolerances on lead and pitch j; 
ameter of screws and taps. 
Minimum C dimension for depth , 
drilled hole is required to facility, 
manufacture and avoid use of bottom. 
ing tap. Allowance for this depi 
should be made, wherever possible, j 
the design of the part. 
—M. S. Goknui; 
Standardizing Division 
Radio Corporation of Americ, 





Meetings 
Electrochemical Society — Spring 


meeting, April 7-10. Hotel Roosewl. 
Pittsburgh, Pa. 


National Electrical Manufacturer 
Asseciation—Spring meeting, Apri 
20-23. Palmer House, Chicago, Ill 


American Society of Mechanical 
Engineers — Spring meeting, April 
26-28. Hotel Black Hawk, Davenpor, 


lowa. 


American Society of Mechanical 
Engineers — Semi -annual meeting, 
June 14-16. Hotel Biltmore, Los An 
geles, Calif. 


American Society for Testing Mo 
terials—Annual meeting, week begin- 
ning June 28, Pittsburgh, Pa., William 
Penn Hotel. 





Do You Know That- 


SUBSTITUTES have replaced strategic 
materials in more than 1,000 parts in 
volved in telephone manufacture. 
Thus, the annual rate of use of alw 
minum has been cut by 90 percent 
crude rubber usage has decreased by 
80 percent, zinc by 75 percent and 
copper by 70 percent. (10) 


ENOUGH RAYON to make 13 dozen 
pairs of stockings goes into the recoil 
mechanism of one 37-mm. gun 8 
packing. (11) 


TAPERED PAINT BRUSH BRISTLES, {or- 
merly obtained only from Oriental 


sources are now being made of ny 
lon. (12) 
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New Materials and Parts 


Automatic Cutout Relay 
for Battery Charging 


Automatic battery cutout relay, 
Type HAP. designed for ship service 
or where batteries are charged from 
generators. Relay closes the charg- 
ing circuit when the battery voltage 
is lower than the voltage of the charg- 
ing source, similar to the circuit 


cutout device in an automobile. When 
the charging voltage drops to a value 
below the battery voltage, the cutout 
relay opens the circuit on a small 
reverse current. Continuous current 
ratings available are 2.5, 4, 6.5, 10, 
16, 25, 40, 65 and 100 amp., while 
the voltages range from 7.5 for three- 
cell batteries to 300 for 120-cell bat- 
teries. Relay is designed to function 
at slightly below the normal charging 
voltage. General Electric Co., Sche- 
nectady, N. Y. 


Plastic Coating Prevents 
Condensation Drip 


Condensation caused by differences 
in temperature and humidity between 
surfaces and the surrounding air can 
be prevented with Nodrip, an insula- 
tion type plastic cork coating that is 
effective in the atmospheric tempera- 
ture range from 0-130 deg. F. The ma- 
terial is not recommended for floors or 
areas below grade where moisture may 
be caused by hydrostatic pressure or 
seepage; for underground pipe lines; 
for hot water, steam or high tempera- 
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ture lines as a thermal insulation; to 
prevent sweating inside of cold stor- 
age rooms and like areas. Nodrip 
should be applied at the season of 
the year when humidity conditions are 
favorable for proper adhesion and 
drying. The surfaces to be coated 
should be dry and not colder than 
50 deg. F. nor warmer than 150 deg. 
F. Application of the coating material 
may be made by hand, brush, trowel 
or spray. J. W. Mortell Co., Kankakee, 
Ill. 


Efforts to Save Brass 
Improve Switch 


Redesign of the No. 1010 Levolier 
switch to conserve brass resulted in 
improvements that will be incorpo- 
rated as standard in the line, even 
after the war. The phenol plastic 
casing and steel lever combination 


used in the new design were found to 
be so light. and compact that this 
action is felt to be justified. The 
switch is rated at 10 amp., 125 volts, 
and has a special “T” rating, indi- 
cating that in addition to standard 
Underwriters tests, it has had 12,000 
more pulls on a load cold, high-wat- 
tage, type C lamp with initial surge 
of 80 amp. This is eight times its 
rated capacity. McGill Manufactur- 
ing Co., Valparaiso, Ind. 


Manganese Base Alloy for 
Instrument Use 
More than 70 percent manganese is 


contained in Chace Manganese Alloy 
No. 772. An electrolytic manganese 


with a purity higher than 99.9 per- 
cent is used. Manufacturer claims the 
alloy has a high electrical resistivity, 
high thermal expansion rate, high vi- 
bration damping constant, low ther- 
mal conductivity, good ductility and 
high tensile strength. Electrical re- 
sistance is 1,050 ohms per circular 
mil foot; thermal expansion rate is 
about twice that for steel; vibration 
damping constant is 2.3 percent com- 
pared to 0.01 for hardened steel. The 
thermal conductivity is only 2 percent 
the value for copper. The alloy is 
available in sheets, strips and rods, 
and is suitable for rheostats, auxiliary 
heaters for circuit breakers, and elec- 
trically heated expansion elements. 


W. M. Chace Co., Detroit, Mich. 


Link Mat Made From Wood 
Blocks 


Wood blocks 1 in. thick are used 
to form a flexible wood link matting. 
Ends of the mat are beveled to reduce 
the danger of tripping. The mat eas- 
ily follows the contour of the floor 
and can be rolled or folded. Stock 
sizes are 18x32 in., 24x38 in., and 
30x44 in. Special sizes of any length 
and widths up to 36 in. can be ob- 
tained. American Mat Corp., Toledo, 


Crepe Paper Used 
For Wrapping Ordnance 


Ordnance supplies for overseas ship- 
ment or storage may be wrapped in 
greaseproof crepe paper, No. 1A-35. 
Regulations require that parts greased 
or slushed with a rust preventive be 
wrapped with greaseproof paper to 
hold the preventive on the metal. Pa- 
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per has a limp, dead quality which, 
combined with a degree of adhesion, 
allows the wrapping to conform to the 
contour of an irregularly shaped object. 
This limpness, augmented by the char- 
acteristic pliability of crepe paper, 
helps it to form and stretch around 
corners and edges with reduced risk 
of tearing and puncturing. Dennison 
Manufacturing Co., Framingham, Mass. 


Line of Test Instruments 
Is Announced 


Because of heavy demands for stand- 
ard laboratory equipment of the Wheat- 
stone Bridge and decade resistance box 
type, a new line of such instruments 
has been announced. Type DR d.c. re- 
sistance decades are available in stand- 
ard models with resistance ranges of 
0.9 to 999.999 ohms total and with 
accuracy of +1 percent, and 0.1 per- 


cent respectively in two classes. All 
coils are of manganin wire except the 
100,000-ohm coils of Nichrome. Coils 
are bifilar wound on ceramic tubes, 
oven baked and protectively coated. 
Switches have self-cleaning multi-blade 
phosphor bronze spring wipers. Instru- 
ments are housed in rubbed walnut 
cases. 

Wheatstone Bridge Type RN.1, illus- 
trated, contains four resistance dials 
with nine positions each, covering 9x1, 
9x10, 9x100 and 9x1,000 ohms, with 
decade multiplving dials. Ratio resist- 
ances have an accuracy of +0.05 per- 
cent, while the resistance coils in the 
decades of the bridge have a tolerance 
of +0.1 percent. Switches and cabi- 
nets are the same as for the decade 
boxes. The galvanometer is a moving 
coil type with sensitivity of 1 micro- 
ampere per division. Three standard 
flashlight cells comprise the 414 volt 
battery. Industrial Instruments, Inc., 
156 Culver Ave., Jersey City, N. J. 
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Rubber-Insulated Bushings 
Make Important Savings 


Available for general distribution in 
the United States for the first time is a 
new line of rubber-insulated bushings 
capable of absorbing vibration and 
shock and of taking torsional and ra- 
dial movement without lubrication. The 
bushings have saved important amounts 
of rubber in different applications with- 
out reducing efficiency or life. Known 
as “Rubberflex,” they use a thinner 
layer of live rubber (or synthetic) than 
is commonly used. This layer is held 
between an inner and an outer cylin- 
der of metal by the elesticity of the 
rubber itself. The bond between the 
rubber and the metal is mechanical. A 
saving in rubber is achieved chiefly be- 
cause the rubber used is molded to the 
exact length required so that there is 
no cutting and waste in manufacture. 
The rubber bushing is of greater outside 
diameter than the outside cylinder, and 
smaller inside diameter than the inner 
cylinder. The relative resistance to slip- 
page on either the inner or outer cylin- 
der can be increased or decreased as 
required. A wide range of sizes and 
capacities to suit individual require- 
ments is available. Bushings, Inc.. 3447 
W. Eleven Mile Ave., Berkely, Mich. 


Series of Adhesives 
Has Vegetable Base 


Several grades of Vegimal, a vege- 
table base adhesive designed for a 
diversified range of applications, are 
available. In appearance, Vegimal is a 
viscous light-tan colored liquid. It is 
made by conversion of domestic starches 
with plasticizing chemicals added to 
produce various drying or setting 
speeds. At room temperatures, undi- 
luted, it is difficult to spread; heated 


to approximately 125 deg. F. it limi. 
fies and spreads to a gelatinous Cole. 
sive film. Non-warping qualities, shrig. 
age of film, and duration of “tacky 
state can be adjusted by the amo, 
of water dilution, thickness of film, and 
temperature of solution. It can be ap 
plied by automatic gluing mechanisms 
hand-brushing, spreading or dippiny 
and is designed to adhere combination 
of paper, cardboard, fabric, leather 
imitation leather and similar materia; 
Paisley Products, Inc., 1770 Canalpoy 
Ave., Chicago, Ill. 


Semi-Flexible Fabric 


Resembles Leather 


Cottonleather is the name given t 
multi-ply fabric treated with chemicals 
to provide density and durability, an 
surface-treated to give flexibility. Indi. 
cations are that the new material ma 
be used in place of leather or rubber i 
many applications. However, it is not 
now recommended as a replacement for 
leather belting, since the flexibility a 
the present time is not adequate for thi: 
purpose. Suggested uses are for motor 
mountings, pipe and hose clamps wher 
metal is objectionable, shock absorbing 
blocks, heavy shim stock and anti 
squeak webbing. It is available in 
planks, strips and rolls 1 x % in. to 
6 x fe in, supplied with one or both 
sides ground to yield the leathery sur. 
face that originally suggested the name, 
Southern Friction Materials Co., Bor 
1475, Charlotte, N. C. 


Multi-Contact Sequence 
Timer Is Automatic 


Automatic control of a sequence of 
"on" and “off” operations of one e 
more electric circuits in accordance 
with a predetermined operating pre 


gram is provided in a new multi-contat 
timer. Features include a self-starting 
synchronous motor, complete gea! 
trains operated in oil, phenol plastic 
cams mounted on shaft in identica 
pairs and contacts in plain view.—h. 
W. Cramer Company, Centerbrook. 
Conn. 
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Electronic Control 
For Resistance Welding 


Greatly simplified construction is 
one of the several important features 
which characterize a new electronic 
capacitor discharge control for the 
resistance welding of aluminum. This 
construction not only eliminates 
much vital material but facilities 
inspection and servicing. Employing 
the energy-storage principle, the new 
control performs all the functions for 
which a control of this type is de- 
signed. It consists of a charging 
circuit, discharge circuit, control sta- 
tion, Pyranol capacitors, and sequence 
control. This equipment is mounted 
i a single cabinet with full-length 
front doors and removable rear covers. 


The enclosure is ventilated by filtered 
air which is drawn in by a blower, 
creating pressure within the cabinet 
to minimize the infiltration of dust and 
dirt, The main anode transformer and 
all tubes requiring cooling are air- 
cooled by a ductless system. The 
charging and discharge-tube circuits 
are mounted on a single, hinged. 
compound base that can be swung out 
for servicing. General Electric Co., 
Schenectady. N. Y. 


Bellows Constructed of 
Fabricated Diaphragms 


Absorption of hydraulic shock is 
but one of the applications of “Cook 
Spring-Life Metal Bellows”. The bel- 
lows are constructed of individually 
fabricated diaphragms joined alter- 
nately at inside and outside periph- 
enes, enabling the use of spring tem- 
pered metals such as phosphor bronze. 
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steel, and Monel metal. The bellows 
have been used as an integral part of 
automatic temperature and altitude 
control units for assuring proper air 
and fuel mixtures on aircraft. The 
makers claim that no bellows has 
ever ruptured at the joint. Cook Elec- 
tric Co., 2700 Southport Ave., Chicago, 


Ill. 


High-Speed Relay for 


Generator Protection 


For use in generator protection a 
new differential relay. Type CFD, has 
been announced. It is a high-speed. 
induction - cylinder device, incorpo- 
rating a new principle called “prod- 
uct restraint” with variable slope 
characteristics. This combination 
assures positive operation on internal 
faults, since the restraining force in 
case of any single-end-feed condition 
will be zero or negative because one 
of the two terms making up the prod- 
uct is zero. The relay is 20%6x51, in. 
in the standard three-element draw- 
out case, and can be supplied for sur- 
face or semi-flush mounting. Each 
element of the relay is of the eight- 


pole, induction-cylinder type. Three 


poles are used for the differential 
operating function, and three other 
poles provide the “product restraint.” 


General Electric Co., Schenectady, 
RS X. 


Steel Surface Conditioner 
Shows Acid Saving 


Steel surface conditioner and sur- 
face brightener, Surbrite, is used to 
control pickling as a step in reducing 
acid fume annoyance. It is designed 
for sulphuric or muriatic acid pickles, 
and comes in types H and S. Neither 
form is a wetting agent. Manufac- 
turer claims a high efficiency in acid 
use and metal saving. Hanson-Van 


Winkle-Munning Co., Matawan, N. J. 


Fast Stabilizing Controller 
For Process Control 


For application where process-lag 
is considerable, a control function 
termed Hyper-Reset is available, and 
is part of the new Model 30 Stabilog 
Controller. The effects of a process 
disturbance are reduced by making 
an initial temporary correction pro- 
portional to the rates of change of 
the measured value caused by the 
disturbance. The normal reset fol- 


lows and stabilization is established. 
The functions are simultaneously and 
automatically adjusted, with no more 
than two process adjustments being 
required. The Foxboro Co., Foxboro, 
Mass. 


Solenoid Starter With Over- 
Load Protection 
Full overload protection is provided 
in the *Thermaload V Solenoid Motor 


Starter.” The trip always occurs 
within the same time at a given per- 
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centage of overload. It is impossible 
for the operator to hold the starter 
button in the “On” position which 
would prevent the trip when the over- 
load occurs. The button must be 
pressed and then released before con- 
tact is made. A resilient. shockproof 
mounting eliminates 
hum; 


objectionable 


double-break contacts are of 





pure silver, and coils are interchange- 
able for different voltages. It is avail- 
able in five sizes from 1.5 to 7.5 hp.. 
and from 110 to 550 volts a.c. The 
size is 534x514x4'4-in. Monitor Con- 
troller Co., Baltimore, Md. 


Small Worm Gears for Low 
Power Units 


Small worm and worm gear sets. 
are made for small high-speed electric 
motors to operate units requiring a 
small amount of power. The casing. 
with side plates, inclose the working 
parts and serves also as a reservoir for 
oil to lubricate the bearing and gears. 
Ball bearings carry the worm shaft. 
and Timken bearings the wheel shaft. 
Units come with either top or bottom 
drive, with shaft extension to right 
or left, or in both directions; for 
ratios of 35g to 1 up to 60 tol, and 
center distances of 3 and 3%-in. 


De Laval Steam Turbine Co.. Trenton. 
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Manufacturers’ Publications 





STAINLESS STEELS 
Steel Co., Reading, Pa. Booklet. 98 
pages. Complete and detailed infor- 
mation on selection, engineering and 
fabrication of (Carpenter stainless 
steels is contained in this attractive 
book. Any designer who is interested 


Carpenter 


in stainless steel in either war produc- 
tion or post-war planning should have 
this material in his library. 


ARC - WELDING EQUIPMENT — 
Harnischfeger Corp., Milwaukee, Wis. 
Bulletin W-20, 12 pages. The position 
of arc-welding today is compared with 
the place where steel was ten years 
ago in this interesting discussion of 
advances in the design of arc-welding 
equipment. 

CONTROL INSTRUMENTS—Bristol 
Co.. Waterbury, Conn. Binder of bul- 
letins. Automatic control and record- 
ing instruments for industrial fur- 
naces. kilns, and ovens are described. 
The bulletins are well illustrated with 
application drawings, photographs 
and wiring diagrams. Data indicate a 
wide selection of types and combina- 
tions. 


INDUSTRIAL RUBBER—B. F. Good- 
rich Co., Akron, Ohio. Catalog section 
7020. 8 pages. To assist those respon- 
sible for the purchase of industrial 
molded rubber goods is the purpose 
of this publication. Questions and an- 
swers on molds and mold cavities, dis- 
cussion of mold costs, materials of 
which molds are made, tolerance 
limits in manufacturing molded rub- 
ber goods, attachment of rubber to 
metals in molding and the shape of 
molded products are covered. 


CIRCUIT BREAKERS — Westing- 
house Electric & Manufacturing Co., 
East Pittsburgh, Pa. Booklet, 40 
pages. How to select the De-ion cir- 
cuit breaker best suited for an appli- 
cation is included in this catalog of 
the company's complete line of such 
devices, along with diagrams showing 
the exact size of each breaker. 


VALVES — Watson-Stillman Co., Ro- 
selle, N. J. Manual, 36 pages. Each 
unit in the company's line of bronze, 
forged steel and cast steel globe and 
check valves is described and illus- 
trated. Several new types are an- 
nounced in this manual. 


BRUSH SPRINGS — Instrument Spe- 
cialties Co., Dept. K, Little Falls, 





—— 


N. Y. Bulletin 5, 12 pages. Pan) 
for the user of brush springs, fim 
information on Micro-processed beryl. 
lium copper brush springs. Pag» 
includes data and formulas for design 
ing Micro-processed brush springs { 
longer life. 
INSTRUMENTS—Foxboro Co. Fox. 
boro, Mass. Catalog 95-A. 48 pages, 
Six of the ten sections in this Catalog 
describe the instruments, accessories 
and supplies appropriate for particu. 
lar applications, such as temperature. 
flow, pressure, level and humidity 
The remaining sections cover combi. 
nation instruments, valves, instrument 
panels and similar subjects. 
POWER TRANSMISSION — Ramsey 
Chain Co., Albany, N. Y. Catalog 
642, 64 pages. Engineering informa. 
tion on the design and application of 
Ramsey silent chain drives and fey. 
ible couplings is presented. 


SPEED REDUCERS—Janette Manv. 
facturing Co., 556 West Monroe S. 
Chicago, Ill. Bulletin 22-27, 100 
pages. Detailed information on the 
company’s line of speed reducers is 
given, including modifications, dimen- 
sions and mounting data. 


PILOT LIGHTS—Gothard Manufae- 
turing Co., Springfield, Ill. Catalog, 8 
pages. Assemblies for marine, air 
craft, signal corps and industrial 
applications are shown. Material in- 
cludes types, sizes and diagrams. | 


CONTROLS—Square D Co., Dept. 21, 
4041 North Richards Street, Mil. 
waukee, Wis. Catalog. 48 pages. De 
tailed descriptive and engineering 
information on control devices such as 
circuit breakers, switches, relays, con 
tactors, push buttons, limit switches 
and special purpose devices made by 
this company for many types of mo 
bile equipment are described. 


COOLANT PUMPS—Ruthman Mə 
chinery Co.. Cincinnati, Ohio. Fil 
data. Types and sizes from !4o to? 
hp. and capacities up to 200 gal. per 
min. of Gusher coolant pumps are de 
scribed in detail. 


HOLDING DEVICES — Anker-Holth 
Manufacturing Co., McCormick Build- 
ing, Chicago, Ill. Bulletin, 28 pages 
Airgrip pneumatic and hydraulic 
holding devices are described com 
pletely. Illustrations are included. 


or 
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Plastics Catalog—1943 


Piastics CATALOGUE CORPORATION 
—864 pages, 834x115% in. Blue-cloth 
covers. Published by Plastics Cata- 
logue Corp., New York, N. Y. Price 
$5. 

This book presents the latest results 
of research and manufacturing proc- 
esses in the field of plastics. As com- 
pared with the 1942 volume, the 
number of pages was increased 40 
percent and two new sections were 
added to serve the wider uses of 
plastics, These new sections are 
Laminates and Plywood. and Rubber- 
Like Plastics. 

To simplify use as a reference book, 
material has been grouped into the 
headings of plastics in war, materials, 
plastic materials manufacturing, mold- 
ing and fabrication, machinery and 
equipment, finishing and assembly, 
laminates and plywood, coatings, 
synthetic fibres, rubber-like plastics, 
and index and directories. 

A large number of photographs have 
been reproduced to show the latest 
use of plastics and the newest in 
manufacturing methods. 

Twelve pages are devoted to a his- 
tory of plastics which goes back to 
the work of Henri Bracconot in 1832. 
The period from 1940 on. has opened 
an immense field for the use of plas- 
ties; Global warfare has called for 
new applications. The book shows 
how the industry has met this chal. 
lenge and opportunity. 


Super-Electricity 


Raymonp F. Yates—165 pages, 
9x11 in., 39 illustrations. Blue cloth- 
board covers. Published by D. Apple- 
ton-Century Co., 35 West 32nd St., 
New York, N. Y. Price $2.00. 


Anyone even remotely interested in 
electronics should read this book. It 
is written primarily to explain the 
feld to young people of high-school 
age, or older persons who might be 
considering a career in a branch of 
electronics, and does this job very 
well. The book opens with a brief 
history of electronics and goes on to 
explain the fundamentals of photo- 
cells in a surprisingly lucid manner. 
How to build simple and crude, but 
effective, electron tubes in the home 
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workshop is covered thoroughly. Then 
the author goes into a discussion of 
what electron tubes are used for in 
various branches of industry and how 
a person can set himself up in busi- 
ness. Finally, the opportunities for 
gaining an education in this “infant” 
of the electrical profession are thor- 
oughly explained. 

At times, the author is almost over- 
optimistic in his enthusiasm for his 
chosen field. This is perhaps only 
natural, though, for a person who is 
in the unique position of having 
started his life work in an industry at 
the time that that industry was just 
beginning to come into its own. The 
author’s flowing style makes pleasant 
reading of what might easily have 
been a dull treatment of a very inter- 
esting subject. 


How to “Think Up” 


ALEX OsBORN—38 pages, 5xT9g in. 
Published by McGraw-Hill Book Co., 
330 West 42nd St., New York, N. Y. 
Price 50 cents with board covers, 25 
cents with paper covers. 


Although this work was written to 
draw out more ideas from the 500 
people in the advertising firm of 
Batten, Barton, Durstine & Osborn, 
the material in it goes a lot further 
than merely how to get ideas from 
employees. Suggestion systems are 
covered in a general way but the 
meat is in the author’s description of 
how to get ideas and then what to 
do with them. This book would be 
most helpful to those with “routine” 
jobs, but people whose work is “crea- 
tive” could also benefit by reading it. 


Lubrication 


ArtHuR E. Norton—244 pages, 
6x9 in. Published by McGraw-Hill 
Book Co., 330 West 42nd St., New 
York, N. Y. Price $3. 


The object of this book is to give 
engineers a background of the basic 
theory of lubrication that will enable 
them to understand better the frequent 
technical papers on the subject. The 
book is also felt to be well suited for 
classroom instruction. The material 
was taken from notes used by the 
late Prof. Norton at the end of eight 
years of teaching a course in lubrica- 


tion and bearings at Harvard Univer- 
sity. J. R. Muenger was the editor. 

A large portion of the book is con- 
cerned with the hydrodynamic theory 
of bearings and is developed from 
simple concepts of viscosity and 
equilibrium rather than from the 
equations for motion and equilibrium. 
Types of friction and their relation to 
bearings and lubrication are dis- 
cussed as well as design practices and 
methods of applying lubricants. A 
chapter is devoted to lubricant prop- 
erties. Friction and anti-friction bear- 
ings are compared. 


Electric 


Arc Welding Machine and 
Electrode Standards 


Prepared and published by the Na- 
tional Electrical Manufacturers Associa- 
tion, 155 East 44th St., New York, N. Y. 
Publication No. 42-81. 29 pages 8x10}. 
Price 75 cents. 


This handbook takes the place of No. 
36-37 issued in 1936 on the same subject. 
New material covers standards for both 
a.c. and d.c. are welders. Standards for 
rectifier arc welder equipment are very 
much the same. Changes and additions 
to the d.c. welder section cover service 
conditions, motor starting and generator 
control equipment, current ratings and 
current adjustment of multiple operator 
welding circuit control panels and re- 
sistors, and reactors for use with these 
panels. Changes or additions to the a.c. 
welder section include temperature rise, 
range of operation, current adjustment, 
short circuit current, control apparatus, 
panels, terminals, housing, and dielectric 
tests. There is a separate section for 
standards for electrodes. 


Charts for Computation of Stresses in 
Foundations 


NaATHAN M. NewMarK—28 pages, 8 
illustrations, 2 tables, 3 supplementary 
influence charts, 6x9 in. Published by the 
University of Illinois, Urbana, Ill. 


This is Bulletin No. 338, “Influence 
Charts for Computation of Stresses in 
Elastic Foundations,” issued by the En- 
gineering Experiment Station of the Uni- 
versity of Illinois, and describes a 
graphic procedure for computing stresses 
in the interior of an elastic, homogeneous, 
isotropic solid bounded by a plane sur- 
face and loaded by distributed vertical 
loads at the surface. The stresses are com- 
puted from the supplementary influence 
charts by counting on a chart the num- 
ber of elements of area, or blocks, cov- 
ered by a plan of the loaded area drawn 
to proper scale and laid upon the chart. 
The charts are for computing, respec- 
tively, the vertical stress on horizontal 
planes, the horizontal stress on vertical 
planes, the sum of the principal stresses, 
the horizontal shearing stress on hori- 
zontal planes, the horizontal shearing 
stress on vertical planes and corrections 
for variations in Poisson's ratio. 
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Moment of Inertia, Section Modulus 
And Radius of Gyration 
Of a Rectangular Section Turned at Any Angle 


THE SET OF NOMOGRAMS on the following two pages 
enable a quick determination of section properties of a 
rectangular section at any angle. The equations for these 
properties are: 

bd 


Moment of Inertia ---J = 12 (d* cos? a. 4- b? sin? a) 


where b, d. and a are section dimensions, as indicated 
on the diagram with Chart 1. This equation may be 


written. for convenience in nomographic solution: 
bd? à N Lx 
I = 19 cosa +t d sın“ a) (1) 


- 


The distance y, shown on the diagram, may be expressed : 


I d I 
y = 3 (d cosa + b sina) = 3b (> cosa + sin a) 
Œ cosa + (b/d)? sin? a 


Section Modulus - -- Z — I/y — — ——————————— 
6 (d/b) cosa + sina 


Radius of Gyration---r = wlIj. 


l d D... 
1? = — (cosa + — sin? a) 
12 d? 


d 
Equations (1), (2) and (3) may be written: 


PISM? (4) 
6ZN = Md (5) 

12r? = M@ (6) 

The first chart is used to determine M and N. Two 
nomograms are used because of necessary differences 
in scales for the ratio of section dimensions and its 


angle. To use these nomograms the ratio d/b must be 


: b i A 1 : 
Letting M — cos! a. 4- (4) sin? a and N = T cosa + sina 


computed first. This can be done nomographically, if 


desired, on the second chart by drawing a line or laying 
a straight edge across the d and b scales and reading the 
value of d/b on the N-scale line. 


In the example given for illustration, d—9 in., b—4.5 
in. and a—45 deg. Lines across the proper scales at 
these values give M—0.625 and N—2.12. 

The desired properties of the rectangular section are 
determined on Chart 2. Line 1 on this chart between 





0.625 on the M-scale and 9 on the d-scale solves Equa. 
tion (6) and determines the radius of gyration: r=2.05, 
It also locates a turning point on the unscaled vertical 
line. 

Line 2 through the turning point and 4.5 on the b. 
scale solves Equation (4) and determines the moment 
of inertia: /—171 

Line 3 through the turning point and 2.12 on the 
V.scale solves Equation (5) and determines section 
modulus: Z=35.8 
Check: 

r= Hian (9? cos? 45 + 4.5? sin? 45 
3.379 (81 x 0.5 + 20.25 x 0.5) 
171 
= I/y = 171/3 (9 cos 45 — 4.5 sin 45 
342/(6.363 + 3.18) 
= 35.8 
r= VI/db = vl 9x45) = 2.05 


As a second example let d=6. b=4.25, and a=3) 
deg. The ratio d/b—1.412. When these values are ap 
plied to Chart 1, the values of M—0.875 and N—1.78 
are obtained. Line 1 on Chart 2 would then give r—162, 
line 2 would give ]=66.9, and line 3 would give Z—19.l, 
one or all of which may be desired. 

By inspection of Equations (4), (5) and (6) it is ob 
vious that maximum and minimum values of / and: 
occur when M is maximum and minimum respectively. 
and when the angle a—0 and 90 deg. respectively. Maxi 
mum and minimum values of Z occur when the ratio 
M/N are maximum and minimum respectively. Maxi 
mum occurs when a=0 for example 1 but the minimum 
value is not so readily obvious. It can be approximated 
by trying various positions of the solution lines with a 
slide rule to compute ratios of M/N, when determined 
on the chart, 

The values of M and N, being functions of b, d and 
the angle, take into account the dimensions of the 


rectangular section, which, within the limits of this 
chart, do not include values of depth d less than width. 
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